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Wayfinding has become an important study subject in the field of Environment-
Behavioral Studies and other related disciplines such as Urban Planning and 
Architecture. Whereas, the environmental variables were argued to be of significance 
in human’s wayfinding performance, it is difficult to integrate them in research and 
obtain satisfying results. Cultural parameters in particular are rarely considered in 
wayfinding theories or models. In the era of rapid economic growth, China is 
undergoing rapid transformation in the built environment. Is there any relationship 
between wayfinding performances and the traditional spatial pattern in modern China? 
It should be understand that this study is a preliminary exploration. Therefore, the 
purpose of this study is an attempt to capture ideas and to suggest future studies. Its 
tone may be speculative and tentative. 
 
It is proposed that wayfinding performance is relevant to the cultural properties of the 
built environment. Therefore, this study focuses on chosen properties of the 
environment that could be treated as part of the culture and could be analyzed as 
relevant to the wayfinding performance in the selected settings.  
 
This study employs knowledge and methods from EBS (Environment-Behavior 
Study). First, a theoretical framework is to be built based on literature review and 
theoretical arguments. Second, a field survey is to be conducted to observe and 
 vi
quantify the wayfinding behaviors of our subjects. The research was carried out in 
three urban hospitals in Nanjing, a major Chinese city. The spatial units were 
quantified by the space syntax software, according to their environmental properties 
of axiality and openness; two typical and frequently discussed parameters chosen 
among many others relevant from a cultural perspective.  
 
In these three settings 31 participants, 17 male and 14 female students aged from 18 to 
25, carried out the wayfinding tasks through open exploration of the settings and later 
a directed search for certain destinations. The method used to describe the wayfinding 
performance in this study was the quantification of the frequency of use monitored 
through direct observation. 
 
The results support our early hypothesis about the existence of the relationship 
between search performance and environmental properties, which are described from 
a cultural point of view. In other words, the analysis of the environmental properties 
brought together the parameters of culture and the search performance. This suggests 
that wayfinding performance could be affected by cultural characteristics immanent in 
the Chinese society. The findings of this study are believed to inspire further research 
in this direction, as well as to have important implication for hospital design. The 
suggestion is to pay close attention to cultural issues related to the configuration of 
hospitals, rather than to exclusively focus on only selected local characteristics, such 
as signs and landmarks. 
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 Chapter 1: Introduction 
1.1 General statement 
Wayfinding is not a term listed in Standard English dictionaries. Oxford English 
Dictionary does not include it, nor does the Merriam-Webster Dictionary (Simpson et 
al., 1993). However, wayfinding has become an important norm and study subject in 
the field of EBS (Environment-Behavior Study) and other related disciplines such as 
Urban Planning and Architecture since the 60s. 
 
Wayfinding is commonly used to refer to the act of finding the route and destinations 
in either outdoor or indoor environment. It also represents a person’s ability to 
navigate and find a particular place within an environment. According to Golledge 
(Golledge, 1999), “wayfinding is the process of determining and following a path of 
route between an origin and a destination. It is a purposive, directed, and motivated 
activity.”  
 
From both theoretical perspective and everyday life experience, it is well known that 
some buildings are easier to apprehend and to walk around in than others. It is 
especially difficult for many people to find their destination within hospitals. 
 
However, wayfinding design in hospitals surely imposes stress on our health and our 
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feelings. Patients and visitors represent a particularly vulnerable user group, for they 
visit health care facilities under emotionally stressful and physically weak conditions. 
True, human beings are tremendously versatile, we can transcend external influences, 
but much of the time, most of us do not(Day, 2001). Therefore, at this time of their 
life, they need a supportive and hospitable wayfinding environment in hospitals. 
However, large and complex general hospitals are often like mazes, particularly for 
the patients who visit infrequently(Altman, 1975; Carpman & Grant, 1993).  
 
Despite much research done in hospital design theory, the wayfinding theory still 
remains in its infancy. It is ambiguous both in the architectural and psychological field. 
Actually, the impact of wayfinding difficulties can not be underestimated.  
 
a. Dissatisfaction and tension 
Disorientation and wayfinding in hospital buildings is a problem for some patients 
and users. And this difficulty is being intensified as hospitals grow in size and 
complexity. The stresses that people experience as a result of the bad wayfinding 
design might have disastrous consequences. Kevin lynch takes a strong stand in this 
point. He notes that to get completely lost is a rare occurrence but the feeling of 
anxiety and fear that accompanies it will have direct influence on our sense of balance 
and well being. Being unable to find one’s way leads to a feeling of helplessness and 
frustration, and it obviously add to the stress of the patients who are weak in both 
body and mind. 
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 b. Inaccessibility and inefficiency 
In our common understanding, the word ‘accessibility’ means ‘barrier-free’ design 
facilities such as ramps and handrails. On the other hand, hardly anyone could deny 
that psychological accessibility is also a valuable and desirable quality in health care 
facilities.(Bell & Fisher, 1990) A good hospital building environment should therefore 
avoid both physical and psychological barriers. Feeling being lost in a hospital, which 
is widely aware by public, may deter a patient going into it. Just as what Carpman has 
pointed out, the single thing that often worries  the public about hospitals and health 
care facilities might be getting lost in them.(Carpman & Grant, 1993) 
 
c. Dangers 
People who get into buildings also have to get out of them-some times fast. As the 
hospitals grow larger and more complex, emergency evacuation and wayfinding 
becomes a key problem related to a matter of life and death. A great deal of research 
has been done on how people behave when confronted with the dangers of fire and 
other emergencies. A legible floor plan and intuitive wayfinding environment surely 
can help emergency evacuation if it is well understood by the users.  
 
The supportive wayfinding environment, as discussed above, can benefit us at both 
emotional and physical levels (Day, 1993). This helps patients especially during their 
recovery and aid in their welfare. “Healing” means recovering from illness and 
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recuperating, a process that lead to health (Carpman & Grant, 1993). It is more than 
just nourishing. However, good wayfinding environment is not just a need for those 
who are ill. It is also for the healthy to make the most of living, thinking and doing. 
We can all benefit from a supportive wayfinding environment (Day, 1993). 
 
1.2 Cultural property of wayfinding performances 
In the field of wayfinding theory, pervious researchers focus on three main aspects: 
the environmental properties, cognition, and human wayfinding performance, which 
also form the three main parts of this wayfinding research.  
 
The wayfinding performance is the result of a two-way process between a person’s 
cognitive ability and his environment. The environment suggests distinctions and 
relations, and the wayfinder selects and organizes what he sees. Many kinds of cues 
could be used for orientation. 
Lynch believed people may use different elements of the environment, such as 
“the visual sensation of color, shape, motion, or polarization of light, as well 
as other sense such as smell, sound, touch, kinesthesia, sense of gravity, and 
perhaps of electric or magnetic fields.”(Lynch, 1960, p3) 
The systems of orientation which have been used vary widely from one culture to 
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another, from one landscape to another (Lynch, 1960)1.  
They include “the abstract and fixed directional systems, the moving systems, 
and those that are directed to the person, the home, or the sea. The environment 
may be organized around a set of focal points, or be broken into names regions, 
or be linked be remembered routes. Varied as these methods are, and 
inexhaustible as seems to be the potential clues which a man may pick out to 
differentiate his world, they case interesting side-lights on the means that we use 
today to locate ourselves in out own city world.” (Lynch, 1960, p7) 
Thus the wayfinding performances of a given environment may vary between 
different wayfinders. One environment may be well-understood because it conforms 
to a stereotype already constructed by the wayfinder even if it is visited for the first 
time. Alternatively, one environment may be regarded as disordered by one person if 
it has no physical features that suggest his own pattern. 
For example, the islanders of Tikopia use the expressions inland or seaward for 
all kinds of spatial reference, for the island is small enough. This reference 
pattern is so strong that they have difficulty in conceiving of any really large land 
mass. (Lynch, 1960, p128) 
In the mind of traditional Chinese, there is also a spatial pattern to identify and to 
structure the environment. There are some striking physical features which suggest 
                                                 
 
 
1 Please refer to the Appendix of this book to see examples of varied systems of orientation 
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this spatial pattern, such as pure geometrical forms, and a symmetry that mirrors the 
alternation of summer and winter, day and night (Blaser, 1979, p. 9). They appeared 
early in the tradition and were applied very widely, whether to the plan of a little 
homestead, the layout of a temple, or even a city. These physical features could be 
identified as axiality and cardinal orientation, the courtyard.  
 
It must be granted that the discussion of the spatial pattern of traditional Chinese is 
quite broad and complex. The physical features of axiality and cardinal orientation, 
the courtyard are selected here because they are typical and inevitably discussed by 
almost all pervious studies (Blaser, 1979; Boyd, 1962; Huang & Zurcher, 1995; S. H. 
Lee, 1989; Li, 2002; Lung, 1978; C. A. Moore, 1986; Shen, 1994; Steinhardt & China 
House Gallery., 1984; Wheatley, 1971; Xu, 2000; Yeh, 1986).  
 
The first distinguished feature was cardinal orientation and axiality (Figure 1-1). It is 
shared by almost every city, resident house and public building. In China, this pattern 
appeared even “in the plans of some of earliest cities, but even the smaller cities and 
towns usually exhibited the rule of cardinal axiality and orientation”(Shen, 1994). The 
roads of a city ran from north to south or from east or west and divided it into a 
rectangular grid. The enclosure walls, both of a city or its constituent parts, were the 
most massive elements. In the Chinese city the principal street running from south to 
north, was of much greater significance than any venue running from east to west. 
Along axis were ranged the most important official building(Wheatley, 1971). This 





Figure 1-1 The physical feature of axiality and cardinal orientation. Source: (L. Wu, 1999) 
 
The second obvious feature is the layout of courtyard (Figure 1-2). Buildings, usually 
rectangular in plan, were established around a courtyard or series of courtyards. Even 
compact houses of two or more floors will often be found to be planned round a small 
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courtyard. Despite the different forms of individual buildings, the courtyard 
composition is the most common. 
 
 
Figure 1-2 The physical feature of courtyard. Source: (L. Wu, 1999) 
 
Almost every building unit is planned to equally-sized open space. This is to obtain 
the balance of Yin and Yang(S. H. Lee, 1989; Lung, 1978). Yin signifies the shadowy 
slopes, the cold and rainy season, and everything that is passive and female; Yang the 
sunny slopes, warmth and dryness and everything that is active and male. According 
to Yin-yang school, yin and yang are interdependent, for there is no yang without yin 
and no yin without yang. 
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Based on the above discussion, an environment may seem to be easily understood by 
the traditional Chinese with the striking physical features which suggest his own 
spatial pattern. There are definitely cultural conditions surrounding the environmental 
cognition of traditional spatial concept, as well as the traditional environment (please 
refer to Chapter 3 for detailed discussion on this issue).  
 
For a historical perspective, the health care facilities in ancient China include three 
types, charitable temple, official hospital, and private clinic.  
Since the transmission of Buddhism, many people went to temples to seek 
health care. Some patients lived within these temples because the temples 
were far away from their residences. Therefore, some temples became the 
charitable institution. For example, the Figure 1-3 describes the kind of temple 
named Yang Bing Fang which was built in D.C. 717.In the D.C. 1229, the first 
official hospital Yi Yuan was built in Su Zhou (Figure 1-4). It was a large 
hospital with 70 buildings and 200 staff.  Beside the official hospitals, some 




Figure 1-3 The temple of Yang Bing Fang which was built in D.C. 717. Source: (Luo,2001) 
 
Figure 1-4 The official hospital managed by government in D.C. 1229. Source: (Luo, 2001) 
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However, all of these healthcare facilities followed traditional architectural principles, 
such as axiality and cardinal orientation, the courtyard. There are no obvious 
particularities in physical features compared to other traditional buildings. Therefore, 
it could be speculated that people could comprehend the spatial organizations in 
traditional hospitals. Hence, they have no difficult in the wayfinding issue.  
 
However, in the era of globalization, the design of healthcare facility uses the 
paradigm of modern architecture without considering cultural context. On the whole, 
its cities are rapidly changing, and the people experience increased variety of 
lifestyles and ways of thinking. This sudden transform of built environment has 
opened up new questions. Does the uniqueness of the spatial pattern still exist? If the 
answer is yes, is there any relationship between this spatial pattern and people’s 
wayfinding performances? This question will also lead up to the purpose and 
hypothesis of this study. 
 
1.3 Hypothesis 
The purpose of this study is to explore the relationship between the wayfinding 
performances and the cultural property of the environment. In other words, is there 
any relationship between wayfinding performances and the traditional spatial pattern 
in modern China? It is proposed that wayfinding performance is still influenced by 
prevalent cultural properties of people in a specific environment. 
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 Before the discussion, it is important to remind the readers that this study is a 
preliminary exploration. Therefore, the purpose of this study is an attempt to capture 
ideas and to suggest future studies. Its tone may be speculative and tentative. 
 
The reason to choose this agenda in this research could be explained by the following 
phenomena.  
 
Western ideologies strongly affect the process of recent architectural modernization in 
Chinese hospitals since the 19th century. Most hospitals in China are built following 
the “western paradigm and such health care spaces are undeniably accepted by the 
Chinese society” (Rowe & Kuan, 2002). This approach placed relatively little 
attention to the social-cultural context. This attitude is much explainable. One reason 
is the newly founded local and national governments set out to modernize their 
healthcare facilities. They followed available internationally modern design and 
planning principles of hospitals. As a new type of architecture, the modern hospitals 
combined with modern healthcare techniques and western medicine is accepted 




Figure 1-5 left is the plan of Children’s Healthcare Center in Shanghai, right is the plan of 
people’s hospital in Fushan. Source: (Luo, 2001) 
They are examples of modern hospitals in contemporary China. 
 
However, from the point of view of environmental design, this modulation of rates of 
change might be achieved by providing appropriate, supportive environments. If our 
hypothesis is proven, wayfinding design in hospitals is related to cultural 
characteristics of people. What is more important, it could lead to a new wayfinding 
design approach by respecting and integrating the cultural characteristics of the users. 
 
1.4 Method of investigation 
This employs knowledge and method from Environment-Behavior Study. First, a 
theoretical framework is to be built based on literature review and theoretical 
arguments. Second, a field survey is to be conducted to observe and quantify the 
wayfinding behaviors of our subjects. Then the data of wayfinding behaviors will be 
tested against the environmental variables analyzed from a cultural perspective. The 
purpose of the data analysis is to explore whether or not these two categories of data 
 13
are relevant.  
The following discussion covers the methods adopted in the field survey.  
 
1.4.1 The method to quantify environmental variables 
It should be pointed out that the properties of environment are difficult to be 
integrated in the previous research for many reasons. 
 
In 1960, Kevin Lynch (1960) pointed out five elements, landmark, path, node, edge, 
and district, being of importance for legibility of a city. However, the criteria of what 
characteristics produce landmarks remain elusive. On the other hand, due to the 
difficulty of dealing with configurational variables, a number of studies have chosen 
to simplify them. For example, Best (Best, 1967) reported high correlation between 
lostness and the number of choices in that route. Weisman (1979) found the 
correlation between judges’ ratings of the complexity of layouts and student’s self-
reported frequency of getting lost. Later, Michael O’Neill (O'Neill, 1991) found that 
both cognitive mapping and wayfinding performance increased when the ICD 
decreased, which is the average number of connections per choice in a floor plan.  
 
Later, Peponis (Peponis et al., 1990) and Zimring (Zimring & Dalton, 2003) used 
space syntax theory and methodology to examine the spatial behavior. The 
researchers reported that subjects’ searching patterns were strongly predicted by the 
space syntax measure of the accessibility of a space.  
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 It is apparent that such a hypothesis should apply the theory and methods of Space 
Syntax2. Space Syntax focuses on the means by which spatial structures of complex 
buildings and urban areas, which reflect and create the patterns of use of spaces, could 
be recognized and quantitatively measured as part of culture. Furthermore, it provides 
a computer-based program that can be used to quantify the topological properties of a 
given setting. Therefore, this research could explore and define some environmental 
variables from the cultural perspective.  
 
1.4.2 Case study 
In the literature of wayfinding studies, there are many methods to analyze the 
wayfinding performance. Wayfinding performance is sometimes analyzed according 
to self-report (Weisman, 1981). Some researchers examined the ability to recall or 
locate places on a plan of the premises (Moeser, 1988). While some researchers used 
the sketch mapping and oral describing approaches(Lynch, 1960). In some other 
studies, wayfinding ability is quantified in terms of the proportion of subjects who are 
able to reach a particular destination (Beaumont et al., 1984; Weisman, 1983). 
However, the obvious shortcoming of these approaches is the lack of clear correlation 
                                                 
 
 
2 Space Syntax was developed at University College, London. Please refer to Appendix A for 
more background information.  
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between “anticipated” wayfinding performance and reported wayfinding performance.  
 
It is believed that when people explore through a building they may return frequently 
to some key locations, or they may systematically prefer certain points or paths over 
others. Some researchers quantified the frequency of use of an environmental unit in 
the direct observed wayfinding performance (Peponis et al., 1990; Zimring & Gross, 
1991). This method could systematically describe the wayfinding performances. 
Therefore, it is selected in this study to analyze the wayfinding performances of our 
subjects3.  
 
1.5 Organization of the thesis 
Following the research method applied, this thesis is divided into two main parts. Part 
1, covered in the first four chapters, discusses the findings of previous researchers and 
establishes a theoretical framework for this study. Chapter 1 is the introduction to the 
whole study. Chapter 2 traces the development of wayfinding theory and 
environmental cognition. These two chapters provide background knowledge for 
further research. Chapter 3 examines the cultural aspects in the Chinese architecture. 
It is composed of Chinese spatial concept and architectural patterns. This chapter 
                                                 
 
 
3 The detailed statements of this field study will be elaborated in the following Chapter 5. 
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clarified the social-cultural aspects of the Chinese architecture. Chapter 4 proposes a 
theoretical framework of wayfinding theory is integrated cultural aspects. 
 
Part 2 is the statement of present study. It includes the last three chapters. Chapter 5 
describes techniques and the process of the research survey. Then chapter 6 includes 
the statistical analysis and the findings of this study. This section presents the findings 
of the study in both figures and in written text. Chapter 7, the last major section of this 
report, steps back and takes a broader look at the findings and this study as a whole. 










 Chapter 2: Literature review 
 
This chapter critically reviews the previous research in wayfinding theory. It tries to 
provide the general knowledge for further exploration. This study aims to explore the 
role of the cultural aspects in the environment. Therefore, in this literature review of 
wayfinding performance and environmental cognition, emphasis is placed on finding 
out the important environment properties considered by various researchers. The shift 
from spatio-physical properties to social-cultural properties is brought out here.   
 
The discussion then moves on to the broad field of EBS (Environment-Behavior 
Study). With a general review of the research trend in this field, this study proposes 
that wayfinding behavior research should integrate social-cultural aspects into the 
theoretical framework. Therefore, the assumption of this study is supported by these 
theoretical arguments.  
 




2.1.1 Definition of wayfinding 
Authur and Passini (Arthur & Passini, 1992) credited Kevin Lynch as the creator of 
the word wayfinding. Lynch had recognized that a study of “legibility” in cities must 
consider the “way-finding” behavior because such an act “is a consistent use and 
organization of definite sensory cues from the external environment” and this 
organization is “fundamental to the very survival of life” (Lynch, 1960, p. 3). 
 
Though Kevin Lynch stressed the importance of wayfinding, he did not define it. 
Many followers of Lynch in this area did not give the definition of this term either. 
However, wayfinding is commonly used to refer to the act of finding the route and 
destinations in either outdoor or indoor environment. It also represents a person’s 
ability to navigate and find a particular place within an environment. 
 
According to Golledge, “wayfinding is the process of determining and following a 
path of route between an origin and a destination. It is a purposive, directed, and 
motivated activity. It may be observed as a trace of sensorimotor actions through an 
environment. The trace is called a route. The route results from implementing a travel 
plan, which is an a priori activity that defines the sequence of segments and turn 
angles that comprise the path to be followed. The travel plan encapsulates the chosen 
strategy for path selection. The legibility of a route is the ease with which it can be 
known, or the ease with which the relevant cues or features needed to guide decisions 
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can be organized into a coherent pattern. Legibility influences the rate at which an 
environment can be learned.” (Golledge, 1999) 
 
Wayfinding is a purpose behavior, involves interactions between ability and 
knowledge of travelers and attributes of the environment (Allen, 1999). According to 
Carpman and Grant, “wayfinding refers to what people see, what they think about, 
and what they do to find their way from one place to another. …Wayfinding involves 
five deceptively simple factors: knowing where you are, knowing your destination, 
knowing and following the best route to your destination, recognizing your 
destination upon arrival, and finding your way back.” (Carpman & Grant, 1993) 
 
2.1.2 The previous empirical research 
Firstly it must been pointed out that many researchers have had difficulty to integrate 
environmental property into their studies, for there is rarely tools and mythologies to 
quantify the environmental variables. 
 
In most study, environment was considered as a component of definition of cognition 
and the wayfinding process. For instance, Passini stressed the processing of 
environmental information as an important aspect of wayfinding and later he 
categorized environmental elements from this standpoint. Similarly, Gaerling pointed 
out three environmental variables, degree of differentiation, degree of visual access, 
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and complexity of spatial layout, which form the requirements for some basic 
cognitive processes. 
 
Some other researches have used the environment as a predictor parameter in the 
wayfinding performance and have tried to quantify and predict wayfinding behavior. 
Best (Best, 1967) reported high correlation between lostness (i.e. deviations from a 
most direct route) and the number of choices in that route by studying 135 subjects’ 
path taken in a town hall in a European city.  
 
In his doctoral dissertation, Weisman (1979) believes that visual access to cues and 
landmarks, architectural difference, signs, and plan configuration are important 
factors likely influencing wayfinding behavior. The first three of these variables were 
assessed by the author’s own observations and judgments. Aspects of overall plan 
configuration were rated by responses to highly abstract two- dimensional diagrams. 
Results indicate that plan configuration account for majority of the variance of 
wayfinding performance. Evans (1980) found that color also could improve subjects’ 
wayfinding performance. Later, Michael O’Neill (O'Neill, 1991) measured layout 
complexity as the average number of connections per choice in a floor plan, which he 
called the “Inter-Connection Density” (ICD). He found both cognitive mapping and 
wayfinding performance increased when the ICD decreased. 
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While, Peponis (Peponis et al., 1990) used space syntax theory and methodology to 
examine the spatial behavior. The researchers reported that subjects’ searching 
patterns were strongly predicted by the space syntax measure of the accessibility of a 
space. They named it integration, also called axial integration, measuring topological 
accessibility by computing the number of turns necessary to reach all spaces in a 
system from every space, then normalizing this statistic to allow comparison among 
systems of different sizes. Furthermore, people tended to use ‘integrated’ paths when 
they were lost. This finding suggested that people use an abstract set of global 
relationships within the environment when they make wayfinding choices. Zimring 
replicated the Peponis’s study and further quantified the layout of the space. This 
research duplicated the experiment using the same building and the same methods 
(Zimring & Dalton, 2003).  
 
These studies have brought attention to the various properties of the environment and 
the techniques of their measurement.  Since this study is interested in the wayfinding 
environment, it seems to be reasonable to return to the various environmental 
properties that were considered in the research discussed above. 
 
 
If the pervious studies are chronologically arranged, there is an interesting pattern. 
Table 2-1 shows the earlier studies dealt with discrete elements, while the work in the 
80’s distinguished the spatio-physical relationship as an important environmental 
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property. They provided critical theoretical arguments for the importance of relational 
properties of environment.  Later, the researchers in the 90’s engaged in integrating 
theories of relational variables developed elsewhere, such as space syntax(Haq & 
Zimring, 2003; Peponis et al., 1990), or they proposed theories and methods of such 
relational properties by themselves (O'Neill, 1991). Also in the 90’s, some researchers 
theoretically argued for the social-cultural aspects of environment. However, there is 
no particular research done in the field of wayfinding theory. From a theoretical 
perspective, the attempt to explore the relationship between wayfinding behavior and 
environment’s  cultural aspects is a necessary further step of wayfinding study. 
 
2.2 Environmental cognition 
The cognitive ability of human beings is an important research area in wayfinding 
theory. The process of environmental cognition is believed to mediate between a 
person and his or her environment. Therefore, this part covers general discussion of 
previous research in environmental cognition. 
 
Many researchers proposed that there was a similarity between the physically 
environmental form and the product of environmental cognition. For example, Kevin 
Lynch (Lynch, 1960) hypothesized a correspondence between physical environmental 
elements and mental images. Similarly, other researchers have sought to identify 
significant environmental properties and elements that have cognitive importance. 
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However, this study argues that the cognitive process is also influenced by the 
properties of individual-in-context. The cognitive map of a person strongly relates to 
his or her cultural background and other personalities. 
 
 
2.2.1 Definition of environmental cognition 
According to Bechtel (Bechtel, 1997), “cognition is apprehending without the 
necessity of an external stimulus. Imagining, creating, remembering, thinking, 
learning are all the province of cognition”. By extension, environmental cognition is 
apprehending the environment. It refers to human understanding of the environment 
without perception. It is the internal processes such as “the awareness, impressions, 
information, images, and belief that people have about environments…It implies not 
that individuals and groups have information and images about the existence of these 
environments and of the constituent elements, but also that they have impressions 
about their character, function, dynamics, and structural interrelatedness, and that they 
imbue them with meanings, significant, and mythical-symbolic properties” (G. T. 
Moore & Golledge, 1976). 
 
The process of attaining the knowledge or internal representation is known as 
cognitive mapping and its study is an important part of spatial cognition. Cognitive 
mapping is defined as “a process composed of a series of psychological 
transformations by which an individual acquires, stores, recalls, and decodes 
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information about the relative locations and attributes of the phenomena in his 
everyday spatial environment” (Downs & Stea, 1973). 
 
The end product of the cognitive mapping process is a composition of environmental 
knowledge that is termed as cognitive map. An important distinction should be made 
from a real map, is that has both physical and non-physical components. In other 
words, it includes some representations of the environment, some impressions of it, 
and some rules or procedures of human acting within it as well. 
 
Similarly to this definition, Golledge argued “the memory representation of spatial 
information in particular has been called a cognitive map”(Golledge, 1987). Downs 
and Stea (Downs & Stea, 1973) described cognitive map as “mental constructs that 
encompass all the internal processes that enable people to acquire and manipulate 
information about the nature of their spatial environment”. They are incomplete, 
segmented and mentally distorted internal representations of the environment. They 
are also modified, updated, and are merely a snapshot of the contemporary physical 
knowledge. “Cognitive maps are the internal information structures that people use to 
represent information about everyday physical environment” (Gaerling et al., 1984). 
Furthermore, it provides a satisfactory basis for decisions even when it is segmented 
and distorted. According to Kitchin (Kitchin, 1994), a cognitive map is used to predict 
and understand the environment, and guide behavior in the environment. Also it helps 
to fulfill certain fundamental human needs such as recognition, prediction, evaluation 
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and taking action (Kaplan & Kaplan, 1977). Therefore, the relationship of cognitive 
map to behavior is multifaceted. In this presented research, however, the main 
concern is the relationship of cognitive map to wayfinding behavior and the 
environment. 
 
2.2.2 Contents of cognitive maps 
Research that set out to identify the environmental elements that are of significance in 
a cognitive map has roots in the work of Kevin Lynch (Lynch, 1960). Later, 
development psychologists Siegel and White suggested that landmark knowledge, 
route knowledge, and survey knowledge are main elements of cognitive map (Siegel, 
1975). They proposed that landmarks are acquired first, followed by route knowledge, 
finally the survey or configurational knowledge. 
 
Although most researchers agree on these three elements, landmarks, routes and 
configurations that are building blocks of cognitive map, there is some controversy 
about the sequence in which they are learned. For example, Lingberg and Gaerling 
(1983) believed that paths are learned before or at lease along with landmarks. The 
authors maintain that connections between places are foundations of environmental 
knowledge.  
 
There are also other environmental elements of cognitive map that do not support a 
distinct “image”. They usually consist of non-physical entities. For example, an 
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environment may be threatening, beautiful or mysterious. These also may include 
action rules and decision strategies. Such qualities are also part of our cognitive map 
and have been considered by cognitive researchers. Kaplan and Kaplan (Kaplan & 
Kaplan, 1977) suggested coherence, complexity, mystery and legibility as important 
qualities of the environment that feature prominently in cognitive map. In this 
research, the discussion will be focused on the physical contents of cognitive map. 
Whereas the non-physical contents of cognitive map also impose important influence 
on human behavior and cognition, traditional studies place emphasis on the spatio-
physical contents.  
 
2.2.3 Environmental properties in cognitive map 
As the discussion presented here, the complexity of research in cognitive map has 
been pointed out. However, the most meaningful area regarding cognitive map, at 
least for environment manipulator, urban planner or architect, is the properties of the 
environmental elements being of importance on cognitive map. For example, 
Appleyard (Appleyard, 1970) proposed size as important property having cognitive 
consequences. Later, Evans (Evans, 1980) suggested color. Properties such as these 
can be understood as being observed without movement. There is another kind of 
environmental properties that can only be understood by comparing several spaces. 
Hiller (Hillier, 1999) refers to these two as local and non-local properties of the 
environment. In this study, these two will be referred to as discrete and relational 
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properties. Since the cognitive map is built up through movement, the relational 
properties are assumed to be more important components in the cognitive map. 
 
Some researchers also discern the various level of relational properties obtained by 
humans (Hillier & Hanson, 1984). The basic topological knowledge is to understand 
simple connectivity of one space or a route to adjacent ones. This is considered a 
‘local’ level understanding. The higher-level relational knowledge is a total 
comprehension of how all the spaces in a system are connected to each other. This 
may be considered a ‘global’ level knowledge. Similarly there are various in-between 


























Figure 2-1 contents of cognitive maps as found in literature 
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 The previous parts focused on the environmental elements being of importance in the 
formation of cognitive map (Figure 2-1). These elements could be divided into two 
categories: physical contents and non-physical ones. The physical contents were 
further discussed by their elements and properties. Most researchers agree on the 
environmental elements of landmarks, routes and configurations. However, some also 
proposed their different models of environmental elements. For example, Kevin 
Lynch (Lynch, 1960) suggested paths, nodes, landmarks, districts, and edges. David 
Stea (Stea, 1969) supported the idea of points, boundaries, paths and barriers. 
Norberg-Schulz (Norberg-Schulz, 1971) proposed paths, places and domains. Siegel 
and White (Siegel, 1975) discussed routes, nodes and configurations. Kuipers 
(Kuipers, 1978) pointed out paths, places and relative locations. Gaerling (Gaerling et 
al., 1984) suggested places, spatial relations between them and travel plans.  
 
On the other hand, some researchers suggested that some non-physical elements may 
also be important in the cognitive map. Appleyard (1969) proposed that there were 
three properties: form, visibility, and symbolic significance which were the most 
important characteristics of an environment, that they are easily to be identified and to 
serve as landmark. While Kaplan (Kaplan & Kaplan, 1977) suggested coherence, 
complexity, mystery and legibility as important qualities of the environment that 
feature prominently in a cognitive map. Such qualities are also part of our cognitive 
map and have been considered by cognitive researchers. Though, they did not 
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integrate these properties in empirical research. They provided theoretical arguments 
for the non-physical elements in the cognitive map. 
 
 
The next chapter will discuss the cultural aspects of environment in Chinese 







Chapter 3: The cultural aspects of the environment in Chinese 
architecture 
 
In this study, the wayfinding environment is believed to be a complex setting 
including both the spatio-physical and cultural dimension. This chapter attempts to 
point out the cultural aspects in both environmental cognition and in the environment. 
We explore the issue from the perspective of the entire Chinese architecture, for there 
are no particular physical features in the health care spaces compared with other 
buildings in traditional China4. 
 
Firstly, some important environmental concepts that might have influenced the 
understanding of environment in the mind of Chinese people are introduced. These 
concepts include Dao, Yin-Yang, Feng-Shui, and Confucianism.  This section 
provides our readers the background information of this issue. 
 
Secondly, the cultural dimension of the environment in Chinese architecture is 
discussed.  Axiality and cardinal orientation, and courtyard spaces are believed to be 
the important environmental patterns in entire Chinese architecture from the cultural 
                                                 
 
 




However, it is granted that the cultural properties of environment could not be 
simplified as the axiality and open spaces only. In fact, much more research in the 
future is certainly needed to identify all important Chinese cultural environmental 
properties in wayfinding theory. The two cultural properties of environment were 
chosen in this study, because there is a consistent and inevitable discussion in the 
literature review(Blaser, 1979; Boyd, 1962; Huang & Zurcher, 1995; Knapp, 1986; Li, 
2002; Lung, 1978; Shen, 1994; Steinhardt, 2002; Steinhardt & China House Gallery., 
1984; L. Wu, 1999; Xu, 2000; Yeh, 1986). 
 
3.1 Cultural dimension in Environmental cognition  
The wayfinding research should integrate three important parts into a single unit of 
analysis. These parts are composed of environmental parameter, person’s behavior, 
and conceptions.  
 
Environmental cognition refers to human understanding of the environment without 
perception. Just as Canter pointed out (1977), it is necessary to understand what 
people think to understand their responses to places and their actions within them.  
 
Therefore, the wayfinding research should concentrate more upon the conceptual 
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systems than the pure behavior systems. This part attempts to point out some 
important space conceptualizations in the mind of Chinese people from the cultural 
point of view.  
 
It may seem odd to discuss about the spatial concepts or principles in an architecture 
extending over two thousand years. However, the development of Chinese 
architecture and its culture is the process of accumulated evolution, rather than 
outright revolution. The continuous tradition knows no bound. The specific pattern 
could take place anywhere, whether in a hospital or in a theater, whether in an official 
building or a tea house in a common street. 
 
The traditional Chinese rarely discussed space and time in abstract terms. The 
traditional discourses of temporal and spatial concepts were almost always close to 
everyday life. However, early classical texts occasionally used yu-zhou, referring to 
the great cosmos of space and time. This term is the complete abstract combination of 
what is inside space and time5. 
 
                                                 
 
 
5 Liu An (179-122 B.C.), in his Huan-nan-zi, suggested that the “four directions and the above 
and the below are called yu; the past, the present and the future are called zhou” (Huang & 
Zurcher, 1995, p. 56).  
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 Therefore, in the ancient Chinese thought, space is the whole universe filling different 
locations. It is in a way objective and real but untouchable. Space could be perceived 
from a subtle experience, rather than from direct observation.  
 
Also the concept of yu is strongly associated with the residents of a house. From the 
standard dictionary Shuo-wen, yu refers to lower border of roof that overhangs the 
wall. From this definition, it is obvious that the spatial concept originates from the 
everyday human life in a house. The environment is believed to be some kind of great 
house for human beings in the Chinese mind. Thus, the establishing of traditional 
settlements is often interpreted as a revelation of “a city or a house of cosmic order” 
based on the cosmic pattern (Figure 3-1). 
 
Figure 3-1 The ideal city (Tang), reproduction from an ancient print. 
 
3.1.1 Dao 
The philosophy of Dao (also Tao) contributed to the Chinese understanding of the 
space. The founders of Taoism primarily include Lao Zi (also Lao Tzu) and Zhuang Zi 
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(also Chuang Tzu). It presents the concepts of the universe, natural order, and society 
in the way of life and handling things. 
 
Figure 3-1 The diagram indicated the relationship of Yin and Yan (Source: 
http://www.chinataoism.org/05-99/daojiaoluntan/art3.htm)  
 
Lao Zi, in his Dao-de-jing (also Tao-Te-Ching), maintained that “carving out a void to 
create a room, only where there is emptiness does the room acquire utility”. The void 
is also called wu, or non-being. Also to Dao philosophy, you, the general term for 
“being”, i.e. all entities in the phenomenal world, have been produced from an 
original state wu (Huang & Zurcher, 1995, p. 135).  
 
The distinction between wu and nothing argued by many scholars is important. Wu as 
a philosophical term does not indicate an absolute zero but rather an undifferentiated 
whole in which “there are none”, i.e. “there are not yet any disparate objects, no 
individualized entities” (Graham, 1989). If the origin of things is said to be wu, this 
“non-being” denotes a primordial state of mixture from which yu, i.e. the disparate 
constituents of existence emerge. This idea of wu as “mother of all things” is matched 
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by that of a primordial chaos: “there was something mixed and complete, which 
preceded the birth of Heaven and Earth”. 
 
The idea of the unnamable wu and void is the most pervasive thought in the later 
Chinese cosmological development and concept of space. Void permeated every 
aspect of Chinese culture. The agents of the concept of void can range from a 




The most popular philosophy school of Confucianism also exerted some influence on 
the Chinese thought of space. To emphasize Li, the moral order, this school argued 
that everything should reflect the order and structure of society and nation. According 
to Confucius and his followers, Li is the integral part of human beings. Thus, space 
also should express the social hierarchy that keeps a society prosperous. Besides the 
stress to Li, Yue, the emotional harmony, is also suggested by Confucianism. The 
combination of Li and Yue, i.e. difference and harmony, exist in the Chinese aesthetic 
principle, including almost every field of arts in traditional China(S. H. Lee, 1989; K.-
m. Wu, 1997).  
 
The growth of Neo-Confucianism during the Song Dynasty (960-1279), had an 
important influence on development of the Chinese spatial concept. Through the 
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rediscovery and drastic reinterpretation of ancient Confucianism and old texts, the 
Neo-Confucianism stressed the metaphysical and ethical system. The main term of 
this system includes “Li (principle), Qi (material force), Ti (substance), and Yong 
(function)”(S. H. Lee, 1989, p. 57-58).  
 
The central concepts of Neo-Confucian cosmological philosophy are Li and Qi. To 
Zhu Xi (1130-1200), who synthesized the Neo-Confucianism, “every human 
possesses Li (principle), also every separated thing possesses Li”. In addition, the 
brother of Cheng Hao (1032-1085) and Cheng Yi (1033-1107) elaborated the concept 
of Qi as center and vertical communication between heaven and earth. Zhu Xi 
maintained Li and Qi as integral entities with dual aspects: Li as the substance (Ti) 
and Qi as the function (Yong). Ti is the condensed form of solid matter by the 
aggregation of the universal material force, while Qi is the basic material from which 
concrete things are produced, and to which Li or principle supplies the pattern or form. 
Therefore, to establish a building, a kind of Ti, the Li or principle is needed to be 
found and used. According to the reality Li, the arrangement and orientation of a 
building and its elements, whether it is a city or a house, a hospital or a temple, has 
some particular pattern and order. (Figure 1-1) 
 
3.1.3 Feng-shui 
Feng-shui, the practical geomancy for selecting a favorable site for a dwelling since 
ancient time, both for the living and the dead, is of importance in Chinese perception 
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of space . Literally, feng-shui is a combination of the words feng, wind, and shui, 
water. Though the meaning and implication of feng-shui are quite suggestive, such as 
“wind is what cannot be seen, and water is what cannot be grasped,” or the controlling 




Figure 3-2 a typical Feng-Shui diagram. Source: (Li, 2002) 
 
The theoretical basis of feng-shui lies in the concept of Qi (the material force). The 
basic premise of feng-shui theory is that man and everything, both the living and dead, 
is under the control of Qi prevalent in heaven and earth(S. H. Lee, 1989, p. 58). The 
Qi is believed to flow underneath the earth as a conduit and to be related to the growth 
and change of all the phenomena in the world (S. H. Lee, 1989). If this Qi is not 
properly treated, the destiny of man in relation to the site will be affected. Accordingly, 
man and his physical environment are strongly linked. The objectives of feng-shui are 
to establish a harmonious relationship between the environment and the man-made 
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structure. Thus, feng-shui is concerned not only with the practical aspects of 
managing the physical features of earth for human dwelling but also with issues in 
Chinese cosmology. In ancient Chinese view, a building is not simply something that 
facilitates human activities. It is an intervention in the universe, which is composed of 
the physical environment and men. 
 
Another theoretical foundation of feng-shui is the theory of Yin-yang school which is 
commonly attributed to Zou Yan (305-240B.C). The Yin-yang theory provides 
Chinese cosmology with the fundamental source of all natural phenomena. Its central 
assumption is that all things and events are products of two elements, forces, or 
principles, yin and yang. They are interrelated and interdependent. The fundamental 
and philological meanings associated with them were to explain the complementary 
and balanced aspects of the worldly phenomena; however the distinction between the 
yin and yang is not absolute.  
 
As most of feng-shui theory is related to Chinese cosmology, the model of prototype 
feng-shui site corresponds to the Chinese cosmology of correlative thinking. The 
ancient Chinese considered the heaven to be divided into the four quadrants of the 
four superbeings at the four cardinal directions. These quadrants protectively surround 
the central region of the heavenly palace. They are called “Qin-long (Azure Dragon), 
Bai-hu (White Tiger), Xuan-wu (Black Turtle), and Zhu-que (Red Phoenix) and are 
located to the east, west, north, and south respectively” (S. H. Lee, 1989; Liu, 1995).  
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 Accordingly, feng-shui theory requires that the ideal site for a dwelling must be 
provided by the four quadrants of the four superbeings surrounding the feng-shui spot, 
where a dwelling will be established, to maintain positive Qi. This criterion for 
judging a good space affected the Chinese to believe that a balanced, steady 
symmetrical and south-facing space is best for the purpose of maintaining the 
harmonious relationship with the environment. 
 
Figure 3-3 Animal symbolism expressed in Feng-Shui. reproduction from an ancient print. 
3.2 Cultural dimension in the environment 
In real-life, the wayfinding environment is much inclusive. It includes both the spatio-
physical dimension, also other perceivable permanent features possible, such as 
cultural dimension. After we have discussed the environmental concepts of Chinese, 
we can now move to the reflections of these concepts in the environment properties, 
in other words, the cultural dimension of the built environment.  
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The underpinning ideas and theories of architectural form and space were 
multifaceted. These theories are interrelated and also interdependent. For the Chinese, 
the cosmology is the most important for founding the theory of architectural and 
urban form. The aim of the architectural space and form is trying to produce a reduced 
version of the great cosmos. In the ancient Chinese cosmology, which considered 
Heaven round and Earth square, space is imagined as a series of imbricate squares. 
The cosmos is also believed to be divided into the four parts of the four superbeings at 
the four cardinal directions. The center of this ‘ranked’ space is the capital-a square 
core marked by four gates at the four cardinal points (Figure 3-1). This leads to a 
geometrical image of the universe, enlivened by an elementary network of spatial 
relationships.  
 
Chinese architecture, stressing the harmony with nature, incorporated some essential 
principles, such as orientation, pure geometrical forms, and a symmetry that mirrors 
the alternation of summer and winter, day and night (Blaser, 1979, p. 9). They 
appeared early in the tradition and were applied very widely, whether to the plan of a 
little homestead, the layout of a temple, or even a city. These physical features could 
be identified as axiality and cardinal orientation, the courtyard (Blaser, 1979). 
 
3.2.1 Axiality and cardinal orientation 
The first distinguished feature shared by almost every city was cardinal orientation 
and axiality. In China, this pattern appeared even in the plans of some of the earliest 
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cities. But even the smaller cities and towns usually exhibited the rule of cardinal 
axiality and orientation. The roads of a city ran from north to south or from east or 
west and divided it into a rectangular grid. The principal gate typically was in the 
centre of the south wall. The enclosure walls, both of a city or its constituent parts, 
were the most massive elements. In the Chinese city the principal street running from 
south to north, was of a much greater significance than any venue running from east 
to west. Along this axis were ranged the most important official building. Without 
exception, the main buildings usually faced south whether it is a palace, a house, or a 
library.  
 
The physical feature of axiality and cardinal orientation was of symbolic rather than 
visual significance(Lung, 1978). This axiality implied a median avenue and the 
gradual discovery of the architectural complex as one advanced along it. The complex 
was never designed to be grasped at first glance but only through gradually 
approaching it in space and time. Therefore, the ancient architecture is also temporal 
art. 
 
There was a definite trend toward horizontality, particularly in Northern China. The 
main building was distinguished by its site, its area, its more costly materials and 
more refined decoration and inevitably at the far end, facing the main entrance.  
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The concept of order and harmony in the universe is reflected in the feature of axiality 
and cardinal orientation. Since for the Chinese, north represented the rigors of winter 
and the threat of barbarian invasion-namely evil influence, all important buildings 
opened towards the south. Also according to feng-shui, south is preferable for it is 
occupied by Zhu-que (Red Phoenix), which represented the positive Yang Qi. 
 
3.2.2 Courtyard 
The second important feature of the environmental properties is the layout of a 
courtyard. Buildings, usually rectangular in plan, were established around a courtyard 
or series of courtyards. Even compact houses of two or more floors will often be 
found to be planned round a small courtyard.  
 
Almost every building unit is planned to equally-sized open space. This is to obtain 
the balance of Yin and Yang(S. H. Lee, 1989; Lung, 1978). Yin signifies the shadowy 
slopes, the cold and rainy season, and everything that is passive and female; Yang the 
sunny slopes, warmth and dryness and everything that is active and male. According 
to Yin-yang school, yin and yang are interdependent, for there is no yang without yin 







Figure 3-4 Plan of house in Beijing, showing service quarters enlarged into a courtyard of 
their own, separated from main courtyard, Source: (Boyd, 1962) 
 
Favoring courtyards in Chinese architecture could also be explained by the 
relationship of wu and you proposed by Taoism. According to Lao Zi, this is to 
achieve “the balance of wu and you, also non-being and being” (Li, 2002, p.93). He 
believed that wu and you also contain its opposite within itself. Wu is “the mother of 
everything”, thus, the open space also has its own value and function. In fact, the 
courtyards became the central feature in some buildings, such as a house, opening up 
the buildings to nature and meeting man’s need for meditation (Figure 3-4).  
 
There were three different ways of arranging the courtyard. The first and perhaps 
earliest consisted of four buildings surrounding a courtyard, which was often square. 
This symmetrical arrangement already existed during the Han period (300B.C.-
300A.D.) and continued virtually unchanged until the nineteenth century; even today 
many rural areas still use this style (Figure 3-5). Its application was universal because 




Figure 3-5 Houses of Han dynasty. Pottery models. Source: (Boyd, 1962) 
 
The second way was symmetrical relative to the south-north axis and entirely 
enclosed by a wall. This arrangement, which reflected a dualistic conception of the 
universe, was chosen for the tombs of emperors and the Temple of Heaven in Beijing.  
 
Figure 3-6 Simplified plan of Beijing, Inner and Outer Cities. Source: (Boyd, 1962) 
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In conclusion, there are definite cultural conditions surrounding environmental 
cognition of Chinese people. Furthermore, the distinctive environmental concepts 
exert a significant impact on the pattern and space of Chinese architecture. Therefore, 
the cultural dimension in the environment of Chinese architecture is also evident. 
 
For several reasons, the study of the cultural parameters is critical in understanding 
particular environment and wayfinding behaviors to specific planning and design 
problems. Even if culture proves not to be critical in some specific designs, getting it 
is still quite important in explaining and a particular environment.  
 
As previously discussed, the wayfinding environment in this study is treated as 
individuals-in-context. Therefore, axiality and cardinal orientation, and layout of 
courtyard, should be regarded as important cultural dimension of the Chinese 




 Chapter 4: Theoretical framework 
 
In this chapter, we will sum up the literature review and develop the theoretical 
framework of this study. To some extent, this chapter will repeat what we have 
discussed in the former discourse.  However, it is believed to be necessary because it 
clearly identifies the research objectives and gives directions for next step of this 
study. 
 
Firstly, the discussions cover two paradigms of Environment-Behavior Study. It helps 
to fully understand the current status of this topic, and more importantly, to identify 
the way forward to advance the research area. 
 
Then, the theoretical framework of this study is proposed. It proposes that the cultural 
dimension of environmental variables, the environmental properties of axiality and 
open spaces, is relevant to the subjects’ wayfinding performance in Chinese hospitals.  
 
 
4.1 Two paradigms of Environmental-Behavior Study 
The common model of wayfinding includes environmental properties, cognition, and 
human wayfinding performance. However, in this theoretical model, the environment-
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behavior link is purely regarded as spatio-physical relations. Many other aspects have 
been ignored. In real-life, the environment is much more comprehensive and inclusive. 
It includes both the physical properties of the environment, and also other cultural 
properties of the environment. 
 
A glance of the development of the whole EBS might provide some insight for this 
research.  
Underlying various researches of EBS, Bonnes and Secchiaroli (1995) pointed out 
two traditions. One is the spatio-physical tradition that focused mainly on spatial 
cognition. The other is the psycho-social tradition which was not normally considered 
to be a typical psychology.  
 
With regard to person-environment relationship, the views of these two traditions are 
related but different. According to Bonnes and Secchiaroli (1995, pp. 146), the 
primary difference between these two traditions lies in the definition of the 
environment. 
 
In the former, the environment is regarded as the formal organization of physical 
space. It is considered as a function of the cognitive representation. The study in this 
school investigates spatial forms as the cognitive “knowing” of the spatial structure of 
the environment. For the model was constructed from an ecological perspective, a 
person is simplified as a mere biological entity.  
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 On the other hand, researches in the latter specify a more comprehensive unit of 
analysis on the psycho-social level in general (Bonnes & Secchiaroli, 1995). The 
focus of various studies is “both the dynamic modalities with which shared and 
personal aspects of social experience take shape and the interconnections between 
cognitive and affective aspects of processes”(Bonnes & Secchiaroli, 1995, p. 179). 
The presumption is that the environment is not only known through behavior, but also 
through human values and intentions.  
 
As the organization of a person’s daily life always relates both to the physical and the 
social environments, the psychological developments in person-socio-physical 
dimension reflect an increased sensitivity towards the mechanism that occurs in 
reality.  
However, unlike the rather clearly defined focuses and methodologies of the spatial 
cognition researches, researches on the social representation are more diverse, 
normally with no particular attention given to wayfinding theory.  
The focuses of recent researches in the two traditions are however gradually 
converging. According to Bonnes and Secchiaroli, by considering spatial cognition as 
a source of information within the comprehensive focuses of the social context. The 
physical-spatial dimension could not represent the entire environment. This tendency 
defines the spatial knowledge as “one of the many components constituting the 
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complex environmental situations where individuals are part of and interact with” (p. 
142).  Therefore, from the theoretical perspective, it is also reasonable to explore the 
cultural properties of the environment in the wayfinding research. 
 
4.2 The proposed framework of wayfinding theory 
The review of the traditional paradigms makes easier the understanding of existing 
studies. It also helps in the further exploration, so that the real-life wayfinding 
environment could be explored more comprehensively and effectively. 
 
As discussed above, although theories in the spatial-cognition tradition and the social-
tradition were developed on separate theoretical-methodological levels, they could be 
integrated together to deal with a complex wayfinding environment. 
 
As indicated by Canter, the environment amalgamates physical parameter, person’s 
behavior associated or anticipated, and descriptions or conceptions into a single unit 
of analysis. “if we are to understand people’s responses to places and their actions 
within them, it is necessary to understand what (and how) they think; and thus …I 




For example, in a study of the spatial cognition that residents of Cambridge have 
about their neighborhood, Lee (1968) pointed out that the spatial attributes of the 
cognitive map are related to both the physical and social components of the 
environment. In a later study of the cognitions of the center of Milan (Bonnes & 
Secchiaroli, 1995), the subjects were asked to circle the zone they considered as the 
center on a map of the city. Bonnes found that “the dimension of meaning tends to 
function in processes of knowledge concerning urban environmental space”. 
 
Bonnes (1995) believes there is a direction of greater integration between these 
different theoretical perspectives. Just as Rapoport (1990) argued, the environment 
contains many cues to guide human’s behavior. These cues have various dimensions 
composed of multi-sensory cues, such as visual, olfactory cues, and more general 










Figure 4-1 the integrated model of wayfinding knowledge 
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China, as a developing country achieving the successful economic prosperity, is in a 
time of rapid changing in terms of built environment. On the whole, its built 
environments are changing, and the people experience increased variety of lifestyles 
and ways of thinking. The wayfinding environment is also rapidly changing. 
Therefore, this study is based on the hypothesis of the complex nature of a person and 
his or her environment. It is proposed that wayfinding performance has the 
individuals-in-context properties. Environmental knowledge is connected to physical 
environment, human’s own cultural background and personalities. Therefore, as 
indicated in Figure 4-1, spatial dimension, personal dimension, and social-cultural 
dimension should be integrated into wayfinding knowledge.   
 
The above discussion shows that the question, “how do variations in the environment 
itself influence the cue selection and the storage of environmental information”, 
which was proposed by Golledge, has never been entirely clearly resolved yet. The 
theoretical question this study would like to ask is this: How does the cultural aspect 
of environmental variables become relevant to the wayfinding performance? 
 
From a theoretical point of view, wayfinding has always been considered as a reaction 
to the environment and the human cognitive ability (see Figure 4-2). In this 
framework, three parameters comprise environmental variable; human’s cognitive 
ability, and wayfinding behaviors. However, in this scheme, the environment-
behavior link is purely regarded as spatio-physical relations. Many other aspects have 
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been ignored. In real-life, especially, in the rapid changing China, the environment 
should be treated to include both the physical dimension and cultural dimension. 
 
 
Figure 4-2: the traditional wayfinding model  
It is composed of three parameters: the wayfinding performance, the environmental variables 
of the setting and human’s cognition ability. A growing body of wayfinding research tried to 
discover the role of human’s cognition ability, while some other research tried to find the role 
of environmental variables on wayfinding behaviors. 
 
It is proposed that there is a relationship between cultural aspects of environmental 
variables and the way in which people explore and navigate within the hospitals(see 
Figure 4-3 below). 
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Figure 4-3: the proposed wayfinding model  
It composed of four parameters: the wayfinding performance, the configurational variables of 
the setting, human’s cognition ability and culture. The parameter of culture has direct 
consequence on the parameters of cognition ability and relation patterns of a setting and 
exerts indirect influence on the wayfinding performance. 
 
The assumption that the relation exists is based on two reasons. First, Chinese culture 
has direct consequence on Chinese people’s environmental cognition and the spatial 
concept in our modern society, such as Dao, Confucianism, and Feng-Shui. Second, 
the parameter of Chinese culture has obvious influence on layout settings even up till 
now. This parameter is the principle of configurations, such as the axiality, cardinal 
orientation, and open spaces. Therefore, cultural aspects of environmental variables 
impose an important strain on the human’s wayfinding behaviors, which is guided by 
human’s spatial concept and some navigational rules. To sum up, we propose that 




Therefore, the environmental properties of axiality and open spaces, which reflect the 
cultural uniqueness and have been discussed in the preceding chapter, are assumed to 
be relevant to the people’s wayfinding performance in Chinese hospitals.  
 
According to the principles of Chinese architecture, the axis is the principal corridor 
or street running from south to north. Hence, axiality means the environmental 
property of one space from which the rest of the building is more easily accessible. It 
is believed to be important in wayfinding behavior, for it is the extent to which one 
space easily goes to other spaces. 
 
On the other hand, traditionally every building unit is planned to equally-sized open 
space. This is to obtain the balance of Yin and Yang, for Yin and Yang are 
interdependent (S. H. Lee, 1989; Lung, 1978). The prevalence of open spaces in 
Chinese architecture could also be explained by the relationship of wu and you 
proposed by Taoism (Li, 2002). He believed that wu and you also contain its opposite 
within itself. Wu is “the mother of everything”, thus, the open space also has its own 
value and function. In fact, the courtyards became the central feature in some 
buildings, such as houses, opening up the buildings to nature and meeting man’s need 
for meditation. From the wayfinding point of view, wu, the environmental property of 
open spaces, also imposes constraint on Chinese people’s perception and cognition, as 
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wu provides large view sight, the chance to contact the nature and therefore a sense of 
direction.  
 
Hence, it is proposed that the environmental properties of axiality and open spaces are 






 Chapter 5: Case study 
 
This chapter describes the research techniques and the empirical experiment that was 
undertaken to investigate the relationships between wayfinding behavior and the 
relevant cultural aspects of the environment. 
 
The research was carried out in three urban hospitals in Nanjing, a major Chinese city. 
The spatial units were quantified by the space syntax6 software, according to their 
environmental properties of axiality and openness; two parameters defined from a 
cultural point of view. In these settings 31 participating students, 17 males and 14 
females aged from 18 to 25, carried out the wayfinding tasks through open 
exploration of the settings and later a directed search for certain destinations. The 
method used to describe the wayfinding performance in this study was the 
quantification of the frequency of use monitored through direct observation. 
 
Firstly, we discuss the methods to quantify the cultural aspects of environmental 
                                                 
 
 
6 Method developed at University College, London. It focuses on the means by which spatial 
structures of complex buildings and urban areas, which reflect and create the patterns of use 
of spaces, could be recognized and quantitatively measured as part of culture(Hillier & 
Hanson, 1984).  
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variables. Then the techniques to quantify the wayfinding performance within the 
selected hospitals are discussed. Finally, we describe the designing and conducting of 
the research survey. 
 
5.1 Introduction 
Wayfinding is a very broad, inclusive term according to the definition given by 
Golledge. However, in this research, in the context of selected Chinese hospitals, 
wayfinding refers to a rather narrower meaning: that is, how well people are able to 
find their way to their particular destination without delay or under anxiety of being 
lost. For example, how well can a patient find the outpatient unit in the hospital from 
the entrance? 
 
This question is important but may also mask the fact that people are operating within 
a particular setting of organizational and situational constraints. Today, we are so 
familiar with organizations that we use various measures which makes it hard to 
imagine what wayfinding behavior in hospitals would be like without elaborate signs, 
handouts, painted lines, and guides (Arthur & Passini, 1992). These measures can 
blind us to some other aspects of the environment. 
 
Just like Arthur and Passini (Arthur & Passini, 1992) argued, “it may be of interest to 
know which buildings people remember best, but more important…is an 
 58
understanding of the physical and non-physical characteristics that make buildings 
memorable”. In fact, this study asserts that there is correlation between the general 
intelligibility of building forms and configurations, which reflect the cultural 
uniqueness, and that of specific wayfinding performance.  
 
Time is another important factor in wayfinding. Since the cognitive knowledge is 
updated with the movement in the setting, no two wayfinding tasks can be exactly the 
same. Learning about an environment by walking through it is a natural act. In this 
process, bits of the environment are revealed sequentially and from this series of 
events, a complete understanding is achieved. Therefore, it is assumed that along with 
discrete properties of the environment, the relational properties between various 
discrete spaces are more important because it is a fundamental knowledge for people 
to find the destination. Relational properties indicate those which consider how an 
individual space is related to other spaces. Although many kinds of relationships 
between spaces can be listed, this research only considers relationships from a cultural 
perspective. Such relationships include both topological and visual relationships. In 
fact, the environmental property of axiality could be classified into the topological 
relationship. On the other hand, the environmental property of openness could be 
grouped into the visual relationship. At this point, a distinction should be made 
between the topological and the visual relationship. In Figure 5-1, space 1 is two steps 
away from space 3, but there is no visual relationship between them.  
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Figure 5-1 examples of relations between environmental units according to Space Syntax 
theory. The middle indicates the convex spaces, while the right represent the convex map of 
the plan. 
 
5.2 Technique to quantify cultural aspects of an environment 
In order to systematically analyze the wayfinding performances; this research first 
analyzes the plan of the selected hospitals. The method of space syntax theory was 
used here. Space Syntax focuses on the means by which “spatial structures of 
complex buildings and urban areas, which reflect and create the use patterns of spaces, 
could be recognized and quantitatively measured as part of culture” (Hillier, 1996). As 
part of this search, space syntax has aimed at giving an analytic definition of the 
properties of layouts of three Chinese hospitals. 
 
5.2.1 Environmental Units 
Space syntax treats layouts in terms of the pattern of connections between those 
spaces. The precondition for all further analysis is the identification of “unit” of 
spaces. Two conventional ways of dividing an entire layout into its constituent spaces 
have been applied for two reasons: consistency and also theoretical considerations. 
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Figure 5-2 the convex space 
The left is convex space: line drawn between any points in the space goes inside the spaces. 
While the right does not: a line drawn from point A and B goes outside the space. 
 
The first deals with two-dimensional extension and is called a convex map (see Figure 
5-2). The convex map comprises the fewest but fattest convex spaces that can cover 
the layout. By definition, a convex space has its entire two-dimension directly visible 
from each of its points. Convex spaces are the largest units that can be fully perceived 
at one time within a building and can thus be taken to represent the “local 















Figure 5-3 Axial map: it is composed of the smallest possible number of straight lines that 




The second deals with linear extension and is called an axial map (see Figure 5-3). 
The axial map comprises the least possible number of straight lines that must be 
drawn in order to cover all the available connections from one convex space to 
another. Thus the axial map tries to recapture the overall sense of connections when a 
person is moving about a building. Axial lines represent the longest views across 
spaces whose full area may not be visible. Axial spaces can therefore be taken to 
represent the “global constituents” of a layout. 
 
One elementary basis of out analysis in this research is the axial map. To refine the 
analysis of each individual space, not only axial lines but also decision nodes were 
involved into further analysis. A node was defined as the intersection between at least 
two axial lines and was a place where an individual had to choose in which direction 
to proceed. We chose node as basic analysis unit, for the properties of individual place 
within a setting could be measured and quantified by syntax techniques to process our 
research. 
 
5.2.2 Cultural properties of environment 
Once the units of analysis have been identified, the main aim of analysis is to identify 
the relations between the given units. In other words, this research has to quantify the 
extent to which each of the spaces is directly or indirectly related to other spaces. 
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As already indicated, the environmental properties of axiality and open spaces are 
relevant to the Chinese people’s wayfinding performance in hospitals. Here we should 
define proper environmental variables that could reflect these properties. 
 
In terms of technique of space syntax, the layout of axiality could be reflected by the 
environmental variable of integration, for the spaces that have been located in the 
axiality have higher integrational value than the others. On the other hand, the open 
spaces can be represented by the environmental variable of openness, as the open 
spaces could increase the openness of a given space. Therefore, two kinds of 
relationships were considered to be critical in this study: integration and openness. 
 
a. The environmental property of axiality 
The main environmental property of the axiality is a space on the main axiality, which 
is highly integrated to other spaces and hence has quite a high integrational value. 
Therefore, we use the Integration values to differentiate one space from another 
within the same building to show the environmental property of axiality. 
 
From the technique point of view, integration is a measure of the relative position of a 
space or axial line in the general pattern of the building configuration. 
 
The measure of integration, is expressed by Real Relative Asymmetry or RRA value. 
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This value is obtained by the analysis of a graph representing the number of changes 
in direction between one axial line or space to all other lines or spaces. It is based on 
the number and depth of spaces that must be traversed from one space to all other 
spaces in the configuration. Mathematically, integration is measured by the inverse of 
relative asymmetry (RA). This is given by the equation RA=2(MD-1)/(K-2), where 
MD is the mean depth and K is the number of spaces in the system. Since the number 
of spaces is a consideration for RA, it follows that size can have an effect on the level 
of Ra values in real systems. Therefore, to compare between different systems, the 
modified unit RRA is used, which is a comparison of RA values with those of a 
theoretical ‘root’ or a diamond shaped pattern, it is given by the equation RRA=RA/D, 
where D is the D-value of the system with the same number of spaces as the real 
system (Hillier & Hanson, 1984). 
 
When dealing with an axial map, high integration means that few changes of direction 
are necessary in order to move from one space to another. It must be discerned that 
integration does not describe metric distance: it is the number rather than the size of 
spaces that are considered in computing depth or integration.  
 
Not only can we use integration values to differentiate one space from another within 
the same hospitals, we can also use the average integration value of a building as a 
whole in order to compare it to another building. Previous theoretical and empirical 
findings suggest that integration is the central analytical concept of syntactic analysis 
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and it strongly relates to the pattern by which spaces are to be used, as a way. 
 
Just as we have mentioned above, a decision node was defined as the intersection 
between at least two axial lines. Therefore, the integration value of a given node was 
given by the average integration value of the lines which define it. 
 
b. The environmental property of open space 
The environmental property of open space is measured by the variable of openness, 
which is not a Space Syntax variable. It is defined according to the purpose of this 
study. Further research on the definition of variable of openness is needed. An 
environmental unit usually has a high value of openness when an open space is near it.  
 
Theoretically, degree of openness in an environment refers to the extent to which 
individual parts could be seen from others. This variable is useful in human’s 
recognition. Accordingly localization and orientation are important in this research. 
Mostly openness was concerned with connections between adjacent spaces and was 
therefore relational. Furthermore, this relation is considered important because it 
implies the extent to which a given node could be seen and recognized from other 
spaces. Therefore, it seems to be a useful variable to describe certain visual aspects of 
an environment. To refine and simplify our analysis, only the openness value of 
decision points was measured. 
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 Openness value was given by the number of decision points that can be seen from one 
node, not counting itself. Conversely, it indicates the number of other nodes from 
which a node can be seen. This therefore evokes the possibility of coming to one node 
from others.  
 
This value is different from the number of nodes that lie on an axial line and can 
theoretically be connected. In contrast to integration given by space syntax technique, 
openness is considered important because it takes human sensibilities into 
consideration while describing environmental variables. 
 
Calculation of ‘openness’ variable has been done by professional observer judges who 
stand in the nodes of the various hospitals and estimate how many other decision 
nodes could be identified. 
 
5.3 Technique to quantify wayfinding performance 
In the context of literature, there are many methods to analyze the wayfinding 
performance. In most times, wayfinding performance is analyzed either according to 
self-report (Weisman, 1981) or according to the ability to recall or locate places on a 
plan of the premises (Moeser, 1988) or according the sketch mapping and oral 
decription (Lynch, 1960). Sometimes wayfinding ability is quantified in terms of the 
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proportion of subjects who are able to reach a particular destination (Beaumont et al., 
1984; Weisman, 1983). However, the obvious shortcoming of this approach type is the 
lack of clear correlation between “anticipated” wayfinding performance and reported 
wayfinding performance. This led Weisman to call for more objective measures of 
wayfinding behavior.  
 
Direct observation of wayfinding behavior is relatively rare, and even when it is 
attempted it is not always clear what is being recorded and how it might be analyzed. 
For example, Beaumont (1984) tracked visitor’s progress in a government office. The 
tracking data, along with interviews, was used to determine which factors influence 
wayfinding. However, the authors were spared the difficulty that wayfinding 
performance is quite difficult to be described in any systematic way. Later, Moeser 
(1988), who also did some tracking as part of training subjects to know a hospital 
building, was more interested in whether after the training people were better able to 
estimate distance or to mentally construct a path to a specified location than in the 
actual navigational performance during the training. 
 
Some other studies that have used protocol analysis, sometimes called loud thinking, 
have asked wayfinders to report on their wayfinding decision (Passini, 1984a, 1984b). 
Whereas these studies have clarified some aspects of wayfinding such as the 
wayfinding accessibility to conscious thought, they have not reached specified 
quantified wayfinding behavior. 
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 It seems a suitable method is needed in this research to systematically describe the 
actual wayfinding performance of subjects as being a spatial pattern that can be 
quantified. Actually, it is believed that when people explore through a building they 
may return frequently to some key locations, or they may systematically prefer certain 
points or paths over others. Therefore, the method of quantifying the frequency of an 
environmental unit could be used in the direct observed wayfinding performance 
applied in this study. It is considered both critical and suitable to discover the extent 
by which cultural aspects of built form can influence people’s wayfinding behavior.  
 
For this reason, this research used two variables to quantify wayfinding behavior. One 
is the number of times a unit space was used. The other one is how many subjects 
used that space. They are also referred to as total use, and proportional use 
respectively. Their paths were tracked very carefully and this was taken as an 
indication of their environmental knowledge. In this experiment, real world data are 
taken to be more suitable for research in wayfinding and environmental cognition. 
 
To sum up, this study considered two kinds of behavioral variables: one is the use of a 
unit space in the two tasks, i.e. open exploration and directed search, the other is 
redundant node use in directed search. 
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5.3.1 Use of axial lines and nodes in open search 
The total frequency of use of each axial line and node was counted for statistical 
purposes. It was calculated from the total time use of each unit by the 31 subjects 
during their exploration within the setting7. For the purposes of such computation, the 
backtrackings other than those which covered a considerable length were ignored in 
this study.  
 
5.3.2 Redundant node use 
Redundant node use was calculated from the directed searches performance. It is the 
use of nodes when one was not required to do so. For each directed search task, the 
shortest topological route was determined. The nodes that lie on such routes were 
called ‘path node’. More than on use of these path nodes and use of other nodes were 
considered as redundant use. It is important because it gives a measure of wayfinding 
difficulty. In terms of the environment this provides an important attractive value of 
any node and space, while in cognitive terms this provides a sense of environmental 
understanding.  
 
Total use and proportional use of redundant nodes was calculated for this study. 
                                                 
 
 
7 The number of our subjects is relatively small. Further study could employ a large sample to 
gain more information of the wayfinding behaviors. However, dues to limited fund, this study 
only use the sample of 31 chosen students to meet the minimum requirement of the field study.  
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5.4 Physical experiments 
5.4.1 Description of research settings  
Three settings were used in this research and they were all very large urban hospital 
buildings: Nanjing general Hospital, 81 Hospital, and Nanjing Hospital of Traditional 
Chinese Medicine. To be brief, they were indicated by General Hospital, 81 Hospital, 
and Nanjing Hospital later.  
 
These hospitals were chosen for the reason the different principles of configuration. 
Among the three, the configuration of General Hospital has great similarity to the 
principles of traditional Chinese architecture, which has obvious axiality running from 
south to north and many open spaces in front of the main buildings. Conversely, 81 
Hospital has a great compacted layout, which showed very few signs of 
characteristics of Chinese traditional buildings. The main corridor runs from the west 
to east and some buildings are facing west or east. There are very few open spaces in 
the main part of this hospital. On the other hand, Nanjing hospital shows an in-
between situation of the two. It also has axiality running from north to south, however 
it is not very strong, and some open spaces. It is hoped that the different layout 
principles are important to Chinese wayfinding behaviors within these hospitals. 
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In all of these hospitals, only one floor was used. In all cases this ground floor has one 
or more entries. The most visible and frequently used one was chosen in this study.  
 
Any architectural environment is made up of many spaces. In a public complex 
building, such as a hospital, there are some spaces that are restricted and unavailable 
to the visitor. Therefore the environmental experience can be quite different between 
the staff and the visitors, mainly because some group has access to some spaces while 
others can not. From this point of view, any environmental setting may be considered 
as separated systems. A distinction between two systems should be discerned: a 
public system that is made up of all the spaces through which a visitor may go 
unchallenged, and a complete system that takes into account all the spaces in a setting. 
In this study, the relational units were considered within a public system that is an 
actual setting for visitors. 
 
General descriptions of the three hospitals are given below. 
 
Research setting 1: General Hospital  
Nanjing General Hospital, the former State-run Central Hospital of KuoMin 
Government founded in 1929, is a large long-standing general hospital, with a 
complete range of specialties and coordinated development of medical treatment, 
higher education and scientific research. It was designed by famous Chinese architect, 
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Yang Tingbao. The hospital is situated on a main road in the city of Nanjing, close to 
the famous scenic spot of the Purple Mountains. The traditional Chinese spatial 
patterns could be found in the rectangle courtyards, axial planning and details, such as 
the gateway, windows. It has 1,200 beds and 51 departments, of which 27 are clinical 
ones and 24 are medico-tech ones. It is also the teaching hospital for several important 
schools of medicine. 
 
The plan of General Hospitals is shown in Figure C-1 in Appendix C. This hospital is 
composed of a number of different-sized buildings that were built in different phases 
according to the growing demand for heath care in subsequent years. The east block 
of the cluster is the original building in which this hospital was started. Now it 
contains the laboratories and clinic units. The west block of the cluster is added some 
years later, and it contains CT units and some medico-tech units. Finally, the inpatient 
building is located in the north of the layout, which is an 18-storied structure. Visitors 
coming to this hospital have two alternatives, as showed in Figure C-1. They can 
choose to enter the old building or enter the new one, which is connected by a main 
corridor running from south to north. Many open spaces and architectural differences 
among their various parts within. This seem to create a sense of location that helps in 
the orientation of the visitors.  
Figure C-2, C-3, and C-4, indicates the axial map of all rooms in the floor, axial map 
of main circulation system only, and decision nodes in main circulation system 
separately. 
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 Figure 5-4 Plan of General hospital. 
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Figure 5-7 Axial map of General Hospital of the main circulation system only. 
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 Figure 5-8  the decision nodes in General Hospital in circulation system only. 
 
Research setting 2: 81 Hospital 
81 Hospital is a 650-bed hospital opened in 1954 and designed in a compact complex. 
After years of development, it is now a community-based, tumor care center in 
Nanjing, which is staffed by 532 physicians. Medical services are composed of acute 
intensive care units, 39 clinical and medico-tech departments. The plan of the main 
floor of 81 Hospital is shown in Figure C-5.  
 
This hospital seems to generate a number of wayfinding problems, which is clearly 
indicated by the proliferation of formal and informal signs on its walls. Interviews 
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with staff suggested that the wayfinding problems caused considerable loss of time to 
those who have to escort or direct patients. Also, outpatients and visitors did not make 
full use of hospital facilities. For example, some patients have been unwilling to walk 
a short distance to the exercise hall for fear of not being able to make their way back 
in time. It seems that the wayfinding problems prevent this hospital from being used 
to its full potential for heath care.  
 
An intuitive examination of the plan reveals several characteristics that might be 
responsible for wayfinding problems. First, corridors have similar width and length, 
meaning that they cannot be easily distinguished. Second, most corridors do not open 
to any significant spaces along their length, which compounds the difficulty of 
distinguishing between them. Third, some departments do not have a clear reception 
point so that it is not obvious whether one has actually arrived or passed by. All of 
these potential problems are compounded by an inconsistent signage system. 
Figure C-6, C-7, and C-8 indicates the axial map of all rooms in the floor, axial map 
of main circulation system only, and decision nodes in main circulation system 
separately. 
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 Figure 5-9 Plan of 81 Hospital. 
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 Figure 5-10 Site plan of 81 Hospital (Dark color indicates the hospital) 
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 Figure 5-11 Axial map of 81 Hospital of all rooms in the floor. 
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 Figure 5-12 Axial Map of 81 Hospital of the main circulation system only. 
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 Figure 5-13 the decision nodes in 81 Hospital in circulation system only. 
Research setting 3: Nanjing Hospital 
Nanjing Hospital is a 410-bed hospital built in 1956, which is staffed by 670 
physicians. It is now one of the best Chinese traditional medicine hospitals including a 
47-bed rehabilitation center, and a 56-bed clinical research center which is supported 
by the nation. It gained its reverence for highly qualified professionals and high level 
of treatment for chronic illnesses. 
 
The plan of Nanjing Hospital is shown in Figure C-9.The physical layout of it also has 
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some characteristics of Chinese traditional building principles. For example, this 
hospital’s is layout has buildings around a large courtyard which provides extensive 
use of natural light and also generates great opportunity for openness. Along the 
south-north axis were ranged the most important buildings such as outpatient units 
and inpatient building. However, the main entrance does not face south but north, that 
is different from the principle of traditional building.   
Figure C-10, C-11, and C-12 indicates the axial map of all rooms in the floor, axial 




 Figure 5-14 Plan of Nanjing Hospital. 
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Figure 5-15 Site Plan of Nanjing Hospital (Dark color indicates the hospital) 
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Figure 5-16 Axial map of Nanjing Hospital of all rooms in the floor. 
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 Figure 5-17 Axial map of Nanjing Hospital of the main circulation system only. 
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 Figure 5-18 the decision nodes in Nanjing Hospital in circulation system only. 
5.4.2 Subjects 
In the three settings 31 participants carried out a variety of tasks related to wayfinding 
behavior. The subjects consisted of 17 males and 14 female students aged from 18 to 
25. They were undergraduates taken from southeast university, Nanjing, and were 
carefully screened so that none of them had visited a large hospital complex more 




The various tasks that the subjects performed to get behavioral variables are discussed 
as following. 
 
The subjects were individually met on campus and led to the chosen hospitals. Every 
participant carried out two wayfinding tasks, an open exploration of the setting and a 
directed search for certain destinations within it. 
 
For open exploration, the subjects were led to the main entry point of the hospital and 
were asked to freely explore the ground floor of the complex in which they entered. 
They were instructed to learn about its layout and locations as best as they could, so 
that they would be able to carry out specific search within the environment later. They 
were instructed not to talk to anyone but to try and fulfill their tasks only from the 
environmental information, including signage that they received from the actual 
setting. They were told that they could go to all the spaces accessible to the public and 
to keep away from areas marked as staff or treatment zone. If they were confused and 
tried to get inside restricted areas, the researcher would stop them. Therefore this 
procedure was not disruptive to the hospital. 
 
After the completion of the open search phase, subjects were asked to perform 
directed searches for specific locations. As before, subjects were allowed to proceed 
as they wanted and to read any signs that were available but were prevented from 
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asking questions. More particularly, different subjects were asked to perform different 
path combinations so that when considering the group as a whole, each of the main 
hospitals locations acted as both origin and destination from the other two locations. 
Thus, the 31 subjects performed 93 tasks. As before, subjects were followed by a 
researcher, and directed search paths were recorded on plans of the hospital.  
 
Thus this experiment yielded extensive data in two categories, environmental 










 Chapter 6: Data analysis 
 
The experiment has obtained extensive data composed of two categories: 
environmental variables, which are chosen from a cultural point of view and later 
defined by Space Syntax theory, and behavioral variables, which are obtained from 
the recorded search tracks of the subjects in three hospitals. At the same time, basic 
information about the subjects such as age, sex etc. was also collected. 
 
First, we analyze the cultural aspects of environmental variables, for they are 
considered to be independent variables. It produces comparative measures for the 
various environmental units. The data we got are later used to interpret the wayfinding 
behavioral data of our subjects. The procedure of the analysis goes as follows. 
 
6.1 Independent variables 
Table 6-1 present the descriptive statistics of three critical environmental variables in 
these hospitals: line integration, node integration, and node openness. For the mean 
integration value of axial line, General Hospital had the highest value followed by 
Nanjing Hospital and 81 Hospital, and the values were 1.31, 1.19, and 0.99 
respectively. For the mean integration value of decision node, the same sequence was 
found; General Hospital, Nanjing Hospital, and 81 Hospital have values of 3.62, 2.88, 
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and 1.40 respectively. Finally for the mean openness value of decision node, this 
pattern was a slightly different. Nanjing Hospital has the highest value, followed by 
General Hospital and 81 Hospital, and the values were 7.74, 6.82, and 4.72 
respectively. 
 
 N Range Minimum Maximum Mean 
Std. 
Deviation
Line int. General 21 1.927 0.680 2.607 1.318  0.474 
Line int. Nanjing 36 1.234 0.380 1.614 0.913  0.286 
Line int. 81 10 1.100 0.733 1.833 1.185  0.439 
Node int. General 28 3.938 2.063 6.001 3.623  1.186 
Node int. Nanjing 35 1.547 0.774 2.321 1.409  0.427 
Node int. 81 11 4.739 1.896 6.635 2.952  1.435 
Node op. General 28 15 3 18 10.392 4.408 
Node op. Nanjing 35 12 0 12 4.771  2.402 
Node op. 81 11 6 2 8 4.545  2.018 
Table 6-1 descriptive statistics of three critical environmental variables in these hospitals: axial 
line integration (line int.), decision node integration (node int.), and decision node openness 
(node op.) 
 
6.1.1 Integration central area 
The very poor integration values for 81 Hospital combined with interviews of staff in 
this hospital led to further investigation of its axial map. Furthermore, the analysis of 
integration value of each axial line makes it possible that the integration central area 
could be identified. Integration central area is composed of a given proportion of the 
 93




Figure 6-1 Thick lines represent integration central area in 81 Hospital, the 20% of the total 
number of spaces that rank highest according to the syntactic measure of integration value of 
main circulation system. 
 
Figure 6-1 shows the 20% integration central area of 81 Hospital. The central area is 
clearly biased toward the east part of the layout, while the main entry faces west. 
Therefore, a visitor has to walk a long way into the building before reaching the 
central area, from which the rest of the building is more easily accessible. 
Nevertheless, the primary diagnostic, treatment, and therapy rooms are not directly 
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connected to the most integrated corridors. This means, the spaces most likely to be 
used by our subjects as they explore in the hospitals are not directly linked to the key 
areas where patients received their health care. Another very important reason is that 
the layout of integration central area shows little principles of Chinese architectural 
culture. This means the configuration of most integrated spaces is hard to be 
comprehended by our subjects in this setting and it leads to the low degree of 
intelligibility of the setting. 
 
Hence, these three reasons may play a role in generating wayfinding problems. 
However, it may be an important medical or organizational requirement to provide 
some separation between main circulation and primary-use spaces, such as examining 
and treatment rooms. For hospitals designers, such as planners and architects, and 
hospital managers how to provide the required degree of local separation for 
organizational functioning is the important design consideration. More importantly, 
they should provide the overall pattern of integration which facilitates natural 
movements and orientation. 
6.2 Open search and environmental variables 
In order to discover whether the pattern of integration or openness was relevant to the 
way in which the buildings were searched, this research studied the correlation 
between the degree of integration of different axial spaces and the frequency of use of 
each space by the 31 subjects during the open search. For the purposes of such 
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computation we ignored backtrackings other than those covering a considerable 
length, at least from one corridor junction, or end point, to another. 
 
Integration value of 
axial lines 
With respects to all 
circulation system
With respect to main 
circulation system only
General Hospital 0.643 0.789 
Nanjing Hospital 0.545 0.766 
81 Hospital 0.671 0.716 
Table 6-2 Correlation (R value, P<.001) of integration values of axial lines with their frequency 
of use in open search. 
 
Integration value of 
decision node 
With respects to all 
circulation system
With respect to main 
circulation system only
General Hospital 0.651 0.747
Nanjing Hospital 0.594 0.784
81 Hospital 0.586 0.736
Table 6-3 Correlation (R value, P<.001) of integration values of decision nodes with their 
frequency of use in open search. 
 
Table 6-2 and Table 6-3 show the correlation between integration value and frequency 
of use of each axial line and decision node in the phase of open search for the 31 
subjects. Statistically, the correlations of axial line use to the integration value turned 
out to be strong, whether we consider integration with respect to the circulation 
system only (r=0.789, 0.766, 0.716 in General, Nanjing, 81 Hospital receptively) or 
with all rooms on the main floor, including those only available to staff (r=0.643, 
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0.545, 0.671 in General, Nanjing, 81 Hospital respectively). On the other hand, the 
correlations of decision node use to node integration value were also high, whether we 
consider integration with respect to the circulation system only (r=0.747, 0.784, 0.736 
in General, Nanjing, 81 Hospital respectively) or with all rooms on the main floor, 
including those only available to staff (r=0.651, 0.594, 0.586 in General, Nanjing, 81 
Hospital receptively). 
 
A preliminary inspection indicates that both the line use and node use was relevant to 
the integration value of each unit. However, as we expected, the correlation value was 
higher when the integration value is obtained with respect to the circulation system 
than that obtained with respect to all rooms on the main floor. For example, the 
correlation value between line integration value and frequency of line use in General 
hospital is 0.789 with respect to circulation system only, while the value decreases to 









Table 6-4 Correlation (R value, P<.001) of openness values of decision nodes with their 
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frequency of use in open search.  
 
Table 6-4 shows the correlation between openness value and the frequency of use of 
each decision node in the phase of open exploration. From this table, we could see the 
visual value was also relevant in the phase of open spaces. 81 Hospital has a high 
value of 0.659, while the values of General Hospital and Nanjing Hospital are 0.631, 
0.565 respectively. 
 
Finally, the mathematical analysis present that there is no high (r=0.80 or greater) 
inter-correlations between the independent variables of node integration value and 
node openness value. This result shows it is a possibility that independent variables 
were in part of the statistics analysis of multiple regression. 
 
In accordance with mathematical analysis, an interaction term comprises all 
independent variables, which yields significant correlations with frequency of node 
use, was used in the analysis of multiple regression. The two independent variables 
entered into the regression, node integration value and node openness value, yields an 
adjusted R squared value of 0.670, 0.675, and 0.597 in General Hospital, Nanjing 
Hospital and 81 Hospital respectively.  
 
Up till now, the adjusted determination coefficient turned out to be statistically 
significant. Therefore, the combination of integration value and openness value of a 
given node are considerably relevant to the frequency of use of this node. Whereas, 
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the degree of integration is suitable to predict the use of the axial line, both the degree 
of integration and openness are highly relevant to the use of decision node. Both 
results suggest that open exploration in a hospital was biased toward some spaces 
more than others, in proportion to their degree of integration and openness.  
 
The next step is to extend the analysis with respect to the performance in the tasks of 
directed search in which subjects was asked to find specific locations in these three 
hospitals. 
 
6.3 Directed search and environmental variables 
After the phase of open search, subjects were asked to perform directed search for 
specific locations. In this period, they were required to proceed as they wanted but 
were prevented to ask questions to any staff or other people. It should be mentioned 
that different subjects were asked to perform path combinations with different 
sequences so that the three main hospital locations alternatively act as origin and 
destination from other locations. The 31 subjects were followed by a researcher as 
before, and their directed search paths were recorded on plans of the hospitals. 
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6.3.1  Correlation between amount of redundant use of 
each node and its integration value and openness 
value 
In the phase of directed search, the way we analyzed behavioral data is as follows. 
Each search path was transcribed as a set of decision nodes. For each task, the 
researcher determined what was the critical path, or the set of paths that could reach 
the destination with the minimum number of nodes. The nodes used in excess of this 
minimum number were defined as redundant. 
 
setting integration openness
General Hospital 0.606 *0.505
Nanjing Hospital 0.625 *0.499
81 Hospital 0.545  0.620
Table 6-5 Correlation (R value, P<.01,*P<.05) of integration values and openness value of 
decision node with their frequency of redundant use in directed search. 
 
The correlations between frequency of redundant use of each node and integration and 
openness are summarized in Table 6-5. It is found that there is statistically significant 
correlation between the redundant frequency of node usage and the degree of 
integration of that node with respect to the circulation system only (r=-0.606, 0.625, 
and 0.545 in General Hospital, Nanjing Hospital and 81 Hospital respectively). 
 
One the other hand, the correlation between the average frequency of redundant use of 
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each node and its degree of openness is not significant at the P<0.05 level in General 
Hospital and Nanjing Hospital, though there is still a consistent trend. However, this 
correlation coefficient value is 0.620 in the case of 81 Hospital, which is much higher 
than the other two settings. 
 
It suggests that the redundant search for particular destinations is also biased so that 
more integrated or more easily observed nodes are more frequently used, almost 
irrespective of what the point of origin or destination may be. Those subjects, who did 
not reach their destination efficiently, seemed to wander more along integrated spaces. 
On the other hand, in the 81 Hospital, subjects seemed to still heavily rely on the 
degree of openness. This may be reasonably explained by the difficulty to develop 
configurational knowledge in the early exploration causes at the research. Therefore, 
this difficulty could have caused these subjects to more depend on visual cues in the 
directed search. 
 
6.3.2  Correlation between amount of redundant use of 
each origin or destination and integration and 
openness 
To confirm this finding, we refined our analysis and proceeded to calculate 





General Hospital origins  *0.335 *0.325
Nanjing Hospital origins *0.463 *0.417
81 Hospital origins *0.427 *0.339
General Hospital destinations *0.367 0.527
Nanjing Hospital destinations *0.246 0.646
81 Hospital destinations *0.474 0.534
Table 6-6 Correlation (R value, P<.01,*P<.05) of integration values and openness value of 
origin and destination with the amount of redundant use in directed search. 
 
 
In order to find out whether the degree of wayfinding difficulty of a directed search 
task was relevant to the integration or to the openness of the origin and destination in 
this task, the amount of redundant use was used in this task as a measure of 
wayfinding difficulty.  
 
Table 6-6 shows the correlations between amount of redundant use in variable tasks 
and the integration value, and openness of each origin and destination, in the three 
hospitals. Whereas, our results show that there seemed to be no correlation between 
the degree of integration of each origin or each destination and the amount of 
redundancy associated with it, the degree of openness of destination seems to be 
relevant to the amount of redundancy (r=0.527, 0.646, 0.534 in General Hospital, 
Nanjing Hospital and 81 Hospital respectively).  
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Whereas this research has only three origins and three destinations in three hospitals 
respectively and cannot therefore claim any statistical reliability for these results, 
these findings suggest that the degree of wayfinding difficulty depends on both 
environmental factors and other aspects of the design, such as signage, which are 
extraneous to a building layout. For example, several subjects passed by their 
intended destinations and failed to notice them, either because of poor signage or 
because these destinations are hard to be observed from the corridor, i.e. no entrance. 
 
 
6.4 analysis of the search patterns 
However, from the perspective of statistical analysis, a high level of association 
between two categories of variables does not automatically mean that one is the cause 
of the other. Similarly, we also can not claim that the environmental variables were 
the cause of the behavior variables. 
 
In order to further explore our subjects’ wayfinding performances, we provide a 
thorough examination of search paths of our subjects during open search in the 
Nanjing Hospital and General Hospital respectively. The aim is to identify any 
significant regular occurance. This discussion is focused on the actual search 
sequences and is based on the network composed of basic choice nodes defined 
within the circulation system. This network and decision nodes are represented by 
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Figure 6-1 and 6-4. 
 
6.4.1 The searching pattern in Nanjing Hospital 
In this setting of Nanjing Hospital, there are 21 nodes giving three choices other than 
backtracking within the total 38 nodes in the circulation system. Figure 6-1 indicates 
the main characteristics of layout of the setting. To some extent, the layout expressed 
some principles of traditional Chinese architecture. For example, it has axiality 
running from north to south and some open spaces. The large courtyards within the 
hospital provide good opportunity of openness and the chance come into to contact 
with nature. The main buildings were located along the south-north axis. Nevertheless, 
the layout also shows some contradictions to the principles of traditional Chinese 
architecture. For example, the main road that runs from north to south is neither 





Figure 6-2 the network composed of basic choice nodes defined within the circulation system 
in Nanjing Hospital. There are 21 nodes giving three choices other than backtracking within 
the total 38 nodes in Nanjing Hospital. 
 
It is first explored whether upon arriving at a decision node, subjects took each of the 
available options with even probability or seemed to exhibit some preference for one 
alternative over the others. 
 
It seems some nodes and spaces are more frequently visited by subjects than others. 
For instance, very few people entered the area of administrator building (nodes 36, 37 
and 38), which had closed doors and obvious signage. A slightly more interesting 
finding indicated a stronger preference for one dead end rather than another. The dead 
end past Node 1 is entered more frequently, probably because the possibility of further 
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circulation could not be readily excluded. While the dead end past Node 5 was 
avoided as a closed wall, at the end of corridor clearly marked the edge of the 
building. 
The next step was to consider paths comprising many nodes and to investigate 
whether the subjects seemed to have independently followed similar sequences. All 
subjects entered the hospital from the entry (Node 4), upon which they have two main 
choices. One is to proceed straight toward the back and then walk along the back 
corridor. The other is to turn into the front building and walk along the front. If some 
minor difference is ignored here, there are two major groups, the front first group 
comprising 12 people and the back first group comprising 19 people. 
 
Figure 6-2 and 6-3, represented the part of the open search from which some 






Figure 6-3 the recorded tracks of the subjects who searched the back part of the hospital first. 
With minor deviation, the subjects in the “back first” group followed the same route over a 
considerable number of spaces. There is a consistent pattern in this process. 
The thin lines in this figure represent the number of people who went through each space, 




Figure 6-4 the recorded tracks of the subjects who searched the front part of the hospital first. 
The “front first” group also displays certain pattern; however, it is less clear. It could be 
spotted as: an even possibility of exploring the dead end (Node 1) or turn to the road of 
Diagnosis; a strong possibility of turning to the road of Assessment building; almost moving 
along the back corridor and returning to the front finally. 
The thin lines in this figure represent the number of people who went through each space, 




With minor deviation, the subjects in the “back first” group followed the same route 
over a considerable number of spaces. There is a consistent pattern in this process: 
movement towards the back corridors and returning to back corridors after a short 
passage into the administrator courtyard; an even possibility of entering, or not the 
Assessment Building (node 25 and node 31); almost an even possibility of movement 
to the storage building road or to the Diagnostic road. 
 
The “front first” group also displays a certain pattern; however, it is less clear. It could 
be spotted as: an even possibility of exploring the dead end (Node 1) or turn to the 
Diagnostic road; a strong possibility of turning to the Assessment Building road; 
almost moving along the back corridor, and finally returning to the front. 
 
The recorded searching tracks show that there is a consistent searching pattern in our 
subjects. However, there is no satisfying answer to the second question up till now. It 
is probably caused by the reason that the layout of Nanjing Hospital is not entirely 
built on the principle of Chinese architecture. 
 
6.4.2 The searching pattern in General Hospital 
In the next step, the discussion turns to the examination of the recorded track in the 
setting of General Hospital to fully deal with the second question. 
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 In General Hospital, as showed in Figure 6-5, there are 20 nodes giving three choices, 
other than backtracking within the total 39 nodes in the circulation system only. The 
configuration of General Hospital has great similarity to the principles of traditional 
Chinese architecture, which has obvious axiality running from south to north and 
many open spaces in front of the main buildings. The principal south-north roads and 
corridors are much more significant than the west-east ones. Almost every building 
unit is planned to an equally-sized open space which provides a high degree of 
openness and a sense of location. 
 
Figure 6-5 the network composed of basic choice nodes defined within the circulation system 
in General Hospital. There are 20 nodes giving three choices other than backtracking within 






Figure 6-6 the recorded tracks of the subjects in General Hospital in early stage. 
There is a surprisingly strong regularity in these recorded tracks. The subjects followed the 
same route over in most of the spaces. The general pattern varies little from one subject to 
the next. The thin lines in this figure represent the number of people who went through each 
space, and each line represents around four people. Some minor deviation was ignored in 
this figure. 
 
Figure 6-5 represents the recorded search pattern in an early stage, which shows an 
obvious regularity in the route choices of our subjects. Our subjects covered the 
considerable same spaces in their early stage in open search within this setting.  
 
The regularity in the search tracks is quite strong. It includes the movement towards 
the north part along the corridor in the old building (Node 1 to 6), an even possibility 
of movement to the middle principle corridor (Node 15 to 8), or turning to the 
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Diagnostic building (Node 15 to 22), and moving along the corridor in the new 
building (Node 25 to 18).  
 
The exploration the searching patterns in these two hospitals shows that there is 
strong regularity in the search behaviors of our subjects. The discussion of the 
research findings is presented in the following chapter. 
 
 Chapter 7: Discussion 
7.1 Research findings 
In sum, the combination of integration value and openness value of a given space are 
considerably relevant to the frequency of use of this space during the phase of open 
search and directed search. 
 
During the phase of directed search, the integration value does not seem to explain 
which destinations are more difficult to find or which origins fail to generate a good 
sense of direction. However, it is related to the bias in direction of redundant search. 
On the other hand, the openness variable could partly lead to the amount of redundant 
node use and therefore might seem to correlate to the degree of wayfinding difficulty 
in this task. In other words, it seems when people are looking for unknown 
destinations; there is a bias for nodes that have a high value of openness or integration.  
 
These findings imply that the cultural aspects of environmental variables are highly 
relevant to our subjects’ wayfinding performance in these hospitals. The cultural 
parameter may impose stress on the environmental cue selection and wayfinding 
performances of our subjects in the settings. Thus, they also support our early 
hypothesis about the presence of the relationship between search performance and 
cultural aspects of environmental variables. 
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 The later analysis of searching patterns clearly implies that our subjects prefer some 
spaces than other. The principal corridors and the spaces along them are much more 
often traversed than the others in the setting, especially in the early stage of the open 
search. It seems that there is a consistent search pattern of the wayfinding 
performances of our subjects. The pattern also seems to show the cultural properties, 
such as the preference to the principal corridors which has a high integrational value. 
 
7.2 comparison of the findings with literature 
The previous wayfinding research mainly analyzes the environment from the 
perspective of the formal organization of physical spaces. The researchers always try 
to simplify the complex nature of person-environment relationship into pure spatial-
physical dimension. 
 
Passini stressed the processing of environmental information as an important aspect of 
wayfinding, and later categorized environmental elements from this standpoint. 
Similarly, Gaerling pointed out three environmental variables from the requirements 
for some basic cognitive processes. 
  
On the other hand, a number of studies try to quantify the environmental variables. 
For example, Best (Best, 1967) reported high correlation between lostness and the 
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number of choices in that route. Weisman (1979) found that judges’ ratings of the 
complexity of drawings representing building layouts were correlated with student’s 
self-reported frequency of getting lost in those buildings. Later, Michael O’Neill 
(O'Neill, 1991) found the wayfinding performance is enhanced when the ICD 
decreased, which is the average number of connections per choice in a floor plan. 
Later, Peponis (Peponis et al., 1990) used space syntax theory and methodology to 
examine the spatial behavior. The researchers reported that subjects’ searching 
patterns were strongly predicted by the space syntax measure of the accessibility of a 
space. Zimring replicated the Peponis’s study and further quantified the layout of the 
space(Zimring & Dalton, 2003). 
 
To sum up, the large body of literature offers a simplified version of person-
environment relationship. The motives, goals and cultural background are 
intentionally ignored. These studies dealing with environmental variables often seem 
to treat the environment as the formal organization of physical spaces. However, some 
researchers theoretically argued for the social-cultural aspects of environment. 
Though, there is no particular research done in the field of wayfinding theory. The 
environment is not only known or perceived through behavior, but also through 




Previous research normally regard that wayfinding has always been considered as a 
reaction to the environment and the human cognitive ability (see Figure 5-1). The 
environment-behavior link is purely regarded as spatio-physical relations. A person is 
regarded as a biological entity.  
 
Just as Canter maintained, “the environment amalgamates physical parameter, 
person’s behavior associated or anticipated (i.e. the purposive of human action), and 
descriptions or conceptions into a single unit of analysis”(Canter, 1977). As developed 
above, our discussion point out that wayfinding involves four kinds of parameters for 
the said samples.  
 
The first is the cultural properties of the built environment which can be understood as 
abstract relational patterns. The second parameter is the observed search and 
wayfinding paths recorded in the tracking, which have been shown not only to be 
correlated to the pattern of the axiality and open spaces but also to display specific 
regularities which could be predicted by the parameter of the culture. The third is the 
Chinese culture, which tries to maintain the harmony of the nature and man. Culture 
has great influence on the building configuration and the people’s cognitive ability, 
and hence is of significance of the wayfinding performance. The fourth is the human’s 
cognition ability including some navigation rules which seem to mediate the 
relationship of the above three variables. The relationships between them are 
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summarized in Figure 7-1. 
 
Figure 7-1 the wayfinding model composed of four parameters: the wayfinding performances, 
the configurational variables of the setting, human’s cognition ability, and cultural dimension. 
 
The wayfinding performance is the result of a two-way process between a person’s 
cognitive ability and his environment. The environment suggests distinctions and 
relations, and the wayfinder selects and organizes what he sees. Many kinds of cues 
could be used for orientation. 
Lynch believed people may use different elements of the environment, such as 
“the visual sensation of color, shape, motion, or polarization of light, as well 
as other sense such as smell, sound, touch, kinesthesia, sense of gravity, and 
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perhaps of electric or magnetic fields.”(Lynch, 1960, p3) 
The systems of orientation which have been used vary widely from one culture to 
another, from one landscape to another (Lynch, 1960)8.  
They include “the abstract and fixed directional systems, the moving systems, 
and those that are directed to the person, the home, or the sea. The environment 
may be organized around a set of focal points, or be broken into names regions, 
or be linked be remembered routes. Varied as these methods are, and 
inexhaustible as seems to be the potential clues which a man may pick out to 
differentiate his world, they case interesting side-lights on the means that we use 
today to locate ourselves in out own city world.” (Lynch, 1960, p7) 
 
Thus the wayfinding performances of a given environment may vary between 
different wayfinders. Our research findings imply that the relationship between the 
cultural aspects of environmental variables and our subjects’ wayfinding performance 
in these hospitals. The cultural parameter may impose stress on the environmental cue 
selection and wayfinding performances of our subjects in the settings.  One 
environment may be well-understood because it conforms to a stereotype already 
constructed by the wayfinder even if it is visited for the first time. Alternatively, one 
environment may be regarded as disordered by one person if it has no physical 
                                                 
 
 
8 Please refer to the Appendix of this book to see examples of varied systems of orientation 
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features that suggest his own pattern. 
 
Based on this study, in the mind of our subjects, there is also a spatial pattern to 
identify and to structure the environment. These environmental properties could be 
identified as integration and openness, because the combination of integration value 
and openness value of a given space are considerably relevant to the frequency of use 
of this space during the phase of open search and directed search. It indicates the 
environment-behavior link is more than pure spatio-physical relations. In real-life, the 
environment should be treated to include both the physical dimension and cultural 
dimension. Therefore, it could be proposed that an environment could facilitate the 
wayfinding performance if the cultural dimension of the users is considered in the 
designing stage. In other words, the environmental design should be more “user-
oriented”.  
 
It must be granted that this analysis is conjectural in some extent, and the proposed 
rules do not necessarily account for all observed wayfinding behavior. Furthermore, 
because these rules are proposed after the subjects’ wayfinding performance, these 
rules still need further testing and investigations. However, the main point of the study 
of these rules is that the study of wayfinding behavior cannot be limited to 
considerations of pure analysis of spatio-physical environment. The exploration of the 
cultural aspects of the environment may also be used to describe the wayfinding 
performance. 
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 Whereas, this underlying rule of wayfinding performances still requires more rigorous 
definition and careful examination, it seems to be of importance and a possible 
direction to study preference of spatial choice in wayfinding study. In the next chapter, 
this study will step back and examine these findings in the broader context of 
wayfinding.  
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 Chapter 8: Conclusion 
This chapter summarizes the important findings in this study and discusses them in 
the broad context of wayfinding and cognition study. This chapter has a critical 
approach, as it emphasizes the main characteristics of this study. 
 
First of all, we review the most important findings, giving their possible explanations. 
The statistic findings and our subjects’ searching pattern, supports that the cultural 
aspects of environmental variables are relevant to the wayfinding performance of our 
subjects within the hospitals. Therefore, the cultural dimension is shown to be an 
important part in the theoretical framework of wayfinding. 
 
Then, the discussion moves to the limitations of the study that restrict the extent to 
which the findings can be generalized. Finally, the implications of the study are 
discussed. 
 
8.1 Results of the study 
We originally assumed that cultural aspects are relevant to the wayfinding 
performance of our subjects within hospitals.  These results support that hypothesis. 
 
During the phase of open search, the two independent variables, node integration 
value and node openness value, entered into the regression. The result yielded an 
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adjusted R squared value of 0.670, 0.675, and 0.597 in General Hospital, Nanjing 
Hospital and 81 Hospital respectively. During the phase of directed search, there is 
statistically significant correlation between the redundant frequency of node usage 
and the degree of integration of that node with respect to the circulation system only 
(r=-0.606, 0.625, and 0.545 in General Hospital, Nanjing Hospital and 81 Hospital 
respectively). 
 
The examination about the search paths of our subjects during open search in the 
Nanjing Hospital and General Hospital also clearly implies that our subjects prefer 
some spaces than others. The principal corridors and the spaces along them are much 
more often traversed than others in the setting. It could be surmised that there is a 
consistent search pattern of the wayfinding performances of our subjects. The pattern 
also tends to show that cultural properties, such as the preference of the principal 
corridors which has a high integrational value. 
8.2 The cultural dimension in wayfinding research 
Finally, we could examine and discuss the cultural dimension from a broaden 
perspective in the wayfinding research. It is inevitable to raise three questions. First, 
what is the culture, or what is cultural dimension in wayfinding research? Second, 
what is the role of cultural dimension in wayfinding research?  Third, why use the 
methods of EBS to study cultural dimension in wayfinding research? 
However, frankly speaking, explaining the above question is not easy. There is much 
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debate about the issue of culture in EBS till now. For the same reason, these questions 
are discussed here rather than the beginning of this study.  
 
8.2.1 The conceptualization of cultural dimension 
To the first question, Rapoport argued that “culture is a way of life typical of a group; 
culture is a system of symbols, meanings and schemata transmitted through symbolic 
codes; culture as a set of adaptive strategies for survival related to resources and 
ecology(Rapoport, 2000, p 179)”.   
This definition also facilitates the understanding of the cultural dimension is 
wayfinding research.  Cultural dimension is the way by which the spaces are 
organized and built. It is also the way by which the spaces are perceived and grasped 
by the people in the same culture.   
 
8.2.2 The role of cultural dimension in wayfinding research 
To the second question, what is the role of cultural dimension in wayfinding research?  
It is critical to examine the two mechanisms that involved. One is the relationship 
between wayfinding behavior and culture. The other is the relationship between built 
environment and culture. 
 
In the wayfinding process, people’s actions are based on people’s environmental 
cognition, which is apprehending the environment. It is the internal processes such as 
“the awareness, images, and belief that people have bout environments (G. T. Moore 
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& Golledge, 1976).  Therefore, we could indicate that the environmental cognition 
includes the meanings, significant, and mythical-symbolic properties. Environmental 
cognition is, in other words, the way by which the relative locations and spatial 
environments are acquired, stored, recalled and decoded. The wayfinding behavior 
could be treated as the process to decode the environmental cognition. Thus, the 
wayfinding behavior reflects the environmental cognition.  
 
Just as we argued, cultural dimension is the way by which the spaces are perceived 
and grasped by the people. Therefore, an argument could be given, by combining the 
above discussion. The wayfinding behavior also reflects the cultural dimension.  
 
The result of our experiment also proves this viewpoint. The analysis of searching 
patterns clearly implies that our subjects prefer some spaces than other (Figure 6-2, 6-
3, 6-6). The principal corridors and the spaces along them are much more often 
traversed than the others in the setting, especially in the early stage of the open search. 
It seems that there is a consistent search pattern of the wayfinding performances of 
our subjects. The pattern seems to show the cultural properties, such as the preference 
to the principal corridors which has a high integrational value. 
 
The second mechanism involved is the relation between built environment and culture. 
Here we quote Rapoport’s argument. “Culture carries information and can be thought 
of as an analogue to DNA or, to use a different metaphor, a blueprint. Thus, culture 
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both directs how behavior and artifacts are to be and transmits information be 
behavioral means and through various artifacts, including built environments.” 
(Rapoport, 2000, p 180) Based on his point of view, preference plays an important 
role on the built environments. Different people may not only make different choices 
(within the rules set by the culture for the group) among the alternatives available but 
the alternatives available also differ. This is not only due to the setting, resources, and 
other limitations and constraints. It is also due the previous choices made. People 
begin with different repertoires.  Just as we have discussed in Chapter 3, Chinese 
people may have preference to certain properties of built environment, for example, 
the axiality and courtyard. It could not be denied the explanations to the preference 
need much more effort. It also goes beyond the scope of this study. Here, we only give 
a possible reason based on literature.  
 
The concept of order and harmony in the universe is reflected in the feature of axiality 
and cardinal orientation. Since for the Chinese, north represented the rigors of winter 
and the threat of barbarian invasion-namely evil influence, all important buildings 
opened towards the south. Also according to feng-shui, south is preferable for it is 
occupied by Zhu-que (Red Phoenix), which represented the positive Yang Qi. 
Favoring courtyards in Chinese architecture could also be explained by the 
relationship of wu and you proposed by Taoism. According to Lao Zi, this is to 
achieve “the balance of wu and you, also non-being and being” (Li, 2002, p.93). He 
believed that wu and you also contain its opposite within itself. Wu is “the mother of 
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everything”, thus, the open space also has its own value and function. In fact, the 
courtyards became the central feature in some buildings, such as a house, opening up 
the buildings to nature and meeting man’s need for meditation. 
In sum, in both two mechanisms that involved in wayfinding research, the cultural 
aspects exert importance.  Therefore, from a theoretical perspective, the cultural 
dimension should be a critical research subject in wayfinding research. 
 
8.3 Research limitations 
In this section, we discuss the limitations of this research.  It could restrict the extent 
to which the findings can be generalized. 
 
First, it is granted that the cultural properties of environment could not be simplified 
as the axiality and open spaces only. In fact, much more research in the future is 
certainly needed to identify all important Chinese cultural environmental properties in 
wayfinding theory. As argued in the beginning of this study, this research is a 
preliminary exploration. The aim is to capture ideas and to suggest further 
development.   
 
For example, the environmental property of open spaces considered in this study still 
needs further investigation and more measurement types. In this study, degree of 
openness refers to the extent by which individual parts could be seen from others. 
 126
This property is believed to be useful in our subjects’ recognition, localization and 
orientation. This value is given by the number of decision points that can be seen from 
one node, not counting itself. A distinction is made between this value and the number 
of nodes on an axial line in this study. This distinction is considered important 
because it takes human sensibilities into consideration while describing environmental 
variables.  
 
Second, our sample was small due to some explainable reasons. Only 31 students 
participated and three Chinese hospitals were involved in the study. A large sample 
could yield more results. Therefore, a further step in the study is to try to examine the 
role of individual differences, such age, experience, social background, visual abilities, 
by applying a large random sample. 
 
Third, the method of field survey is applied in this study. It has often been argued that 
laboratory research may be more suitable for controlling exogenous variables, such as 
the signage in the hospitals. However, it is believed that the pure laboratory research 
tends to miscalculate people’s true navigational competence and configuration 
knowledge (Gaerling et al., 1986). On the other hand, a less controlled naturalistic 
environment permits more regular wayfinding behavior. While the former prefers 
‘pure’ settings to control all extraneous variables, the latter needs to take the entire 
actual world ‘clutter’ as an interacting phenomena.  
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Therefore, this work supports an ‘in-between’ position. The research was set up in 
three real world settings with all their elements intact. These are places in which 
people interact everyday. On the other hand, attempts were made to control the 
experiment. For example, the volunteers were not allowed to ask for directions, nor 
were they given a lot of time to perform their tasks as in instances of real wayfinding. 
Furthermore, the signage designs in the selected hospitals have similar poor quality. 
These signs, handouts, painted lines, and guides are all poorly designed and thus exert 
little influence on our subjects’ wayfinding performances.  
 
8.4 Design implications 
Western ideologies strongly affect the process of recent architectural modernization in 
Chinese hospitals. Most hospitals in China are built using the “western” paradigm and 
such health care spaces are undeniably accepted in China. This approach placed 
relatively little attention to the social-cultural context.  
 
At the same time, some people prefer this design approach. One view is that rapid 
change is not only acceptable but essential in order that transformation to the modern 
world standard can occur. Another view is that the whole idea of culture-specific 
design is misguided, for people are adaptable and there is no need to worry. 
 
However, from the point of view of environmental design, this modulation of rates of 
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change might be achieved by providing appropriate, supportive environments. Based 
on our previous discussion, wayfinding design in hospitals is related to cultural 
characteristics of people. Furthermore, it could lead to a new design approach by 
respecting and integrating the cultural characteristics of the users. 
 
Based on the above discussion, the suggestion of this study is to redirect the design 
attention from an exclusive focus on the international use of signs, to one that also 
considers the cultural preferences of the hospital configuration. As hospitals get larger 
and more complex, it becomes increasingly difficult to provide adequate wayfinding 
simply by using signs and other cues. It seems to be a useful and also powerful means 
to provide a desired configuration which could facilitate people’s movement to relieve 
the wayfinding difficulty. Hence, the particular suggestion is that wayfinding, assisted 
by proper signage and proper consideration of functional and organizational 
parameters, will seem natural rather than forced, when important facilities, such as the 
diagnostic units and reception areas, are carefully designed with respect to the 
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Appendix A:  Space Syntax theory 
Since the Space Syntax deals with environmental configuration and has the 
techniques that measure spaces objectively, it is an important tool for this study. Also, 
it was used in previous studies on wayfinding that yielded some encouraging results. 
These studies (Haq & Zimring, 2003; Peponis et al., 1990) will be discussed detailed 
at the end of this chapter. 
 
Space Syntax is a research program developed by Professor Bill Hillier and his 
associates in the University College London (Hillier & Hanson, 1984; Hillier et al., 
1987). It gradually grew up to an independent tool and research methods since the last 
two decades. Primarily, Space Syntax is a method of investigating spatial complexes 
in an attempt to identify the spatial structure of the entire environment. Therefore, it is 
valuable in describing and analyzing patterns of architectural spaces, at both the 
building and urban levels. Such descriptions of spatial configuration then become 
independent variables in various researches. The main questions it seeks to address 
are: how to measure the configurational properties of spatial systems? What is the role 
of configuration in movement, or other human activities? What is the nature of 
relationship between social organization and spatial configuration? 
 
In many cases, Space Syntax has been used to inquire into social formations. 
However, it has also used in the empirical studies of natural movement in urban areas 
(Hillier et al., 1998; Hillier et al., 1993). Later, Bill Hillier have argued that 
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“intelligible layout”, a property discussed in Space Syntax literature, contributes to 
the understanding of configuration (Hillier, 1996, pp.40). He further suggest that the 
diachronic nature of architectural experience could be understood through an 
environmental property proposed by Space Syntax called axial lines (Hillier, 1996, 
pp.215). A measurable property of these lines, called integration, is a useful measure 
for studying spatial structure. 
 
In the fields of environmental cognition and Environment and Behavior, the physical 
environment, especially the spatial arrangement, has been considered as an important 
part of its focus. Environmental cognition involves the interaction of human behavior 
with the real world that has specific form and content. Researchers on this field have 
traditionally focused much more on behavior and mind, rather than on environmental 
form. Since the cognitive map is built up with past experience and current perception, 
a key argument that has developed in this research is that relational characteristics of 
environments are important in environmental understanding and human wayfinding 
behavior. On the other hand, Environment and Behavior researchers have long noted 
that importance of spatial configuration for predicting wayfinding, social interaction 
and other behaviors. However, there have been no sufficient tools to analyze 
environmental properties for a long time. This reason certainly exerts some impact on 




In conclusion, Space Syntax does seem to be a useful theory and methodology for 
understanding the role of environmental form from the point of view of topological 
relations in the study of environmental cognition and human wayfinding behavior. 
 
 Techniques of Space Syntax 
Primarily Space Syntax is a theory about understanding architecture and urban areas 
from the point of view of their configuration. First of all, configuration of the spatial 
layouts refers to the pattern of connections between defined ‘units’ of spaces. 
According to Peponis (Peponis et al., 1990), “configuration refers to the way in which 
spaces are related to one another, no only pair-wise but also with respect to the overall 
pattern that they constitute. In other words, configuration is about the overall pattern 
that emerges from pair-wise connections rather that elements or single connections 
taken by themselves”. Therefore, the theory of Space Syntax does not deal with 
metric distances, but deal with topological values of the environment. One importance 
of this theory lies in the fact that it gives an objective measure to each ‘unit’ of space 
as it relates to others in a whole configurational system. 
 
Two properties of configuration are taken to be crucial. The first is that depending on 
one’s position, a complex seems different. The second one is that small changes in 
any part of the spatial system will affect the structural properties of the whole (Hillier 
et al., 1998). Space Syntax offers a method of quantifying the various levels of 
topological relationships within a layout. It also proposed a method of choosing 
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spatial units that are based on visual stability in a one and two dimensions horizontal 
plane. These unit spaces will be discussed in the next section in details. 
 
 Spatial units 
In the previous discussion, the term of ‘unit space’ was used. It is quite necessary and 
important to look at Space Syntax spatial units. Syntax theory proposed two 
conventional ways of dividing a configuration into its constituent spaces. 
 
The first means is referred as convex spaces that are two-dimensional extensions and 
comprise of the fewest and fattest spaces that can cover the entire layout. Convex 
spaces are those spaces within which all points could be visible from others (figure 
4.1). They are the largest units that can be fully perceived at one time within the 
layout. Also they are the most elementary units of analysis. 
 
On the other hand, the second ways is called axial lines. They deal with linear 
extension and are represented by an axial map (figure 4.2). This comprises the least 
number of straight lines that must be drawn in order to cover all the available 
connections from one convex space to the other. Axial lines represent the longest 
views across spaces whose full area may not be visible. In this way, the axial map 




Space Syntax theory also quantifies the properties of environment. For example, a 
connection between two axial lines is said to be shallow or deep when a few or many 
intervening lines have to be traversed when going from one to the other. a space is 
said to be integrated when all the other spaces of the building are relatively shallow 
from it. In other words, it is the function of the mean number of axial lines and 
connections that need to be taken from one space to all other spaces in the system. 
Thus, from a space with a high integration value, fewer changes in direction are 
necessary in order to move from that space to all other spaces in the system, in this 
way, integration value measures the relative position of any space or axial line with 
respect to the overall building configuration. It should be pointed out that the concept 
of integration the idea of depth is used to define a space in relation to all other spaces 
in the system. Hence it is both topological and global. 
 
Another important concept here is that of depth, in figure 4.3 the four layouts may 
look similar in plan, but their configurational relationships make each of them unique. 
This is a factor of how they are connected, both to adjacent ones and to all the other 
spaces. These are topological relations. A space may be said to directly related to its 
adjacent one, or be separated by various degrees of ‘depth’, depending on how many 
intermediate spaces needed to pass through. 
 
Within one configuration, each unit space can have different values. The configuration 
see in figure 4.4 may appear deep from the outside, but from P this would seem 
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shallow. These are shown in graph from, called Justified Graphs, discussed later. So a 
spatial system can appear to be different depending on where one is located. 
Extending this kind of analysis, if every space was considered, then a mean depth 
value can be developed for every one of them. The space that will have the least depth 
is called the most integrated and the one that has the most depth is called the most 
segregated. In other words, integrated spaces are, on an average, closer to all other 
spaces in a system. On the other hand, a person in any segregated area will be distant, 
on an average, from all other spaces in the configuration. 
 
The measure of integration, or its opposite, segregation, is expressed by Real Relative 
Asymmetry or RRA value. This value is obtained by the analysis of a graph 
representing the number of changes in direction between one axial line or space to all 
other lines or spaces. It is based on the number and depth of spaces that must be 
traversed from one space to all other spaces in the configuration. Mathematically, 
integration is measured by the inverse of relative asymmetry (RA). This is given by 
the equation RA=2(MD-1)/(K-2), where MD is the mean depth and K is the number 
of spaces in the system. Since the number of spaces is a consideration for RA, it 
follows that size can have an effect on the level of Ra values in real systems. 
Therefore, to compare between different sized systems, the modified unit RRA is used, 
this is comparison of RA values with those for a theoretical ‘root’ or a diamond 
shaped pattern, it is given by the equation RRA=RA/D, where D is the D-value of the 
system with the same number of spaces as the real system. There fore consideration of 
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RRA values gives the opportunity to compare between environments (Hillier & 
Hanson, 1984). 
 
Connectivity is another important Space Syntax measure. This refers to the number of 
other axial lines or spaces that are directly connected to any one line or space. Since 
this information is directly observable from a space, it is considered a local measure. 
A higher order of measure in Syntax is intelligibility. This value refers not to 
individual environmental units, but to the entire system configuration. The 
intelligibility of one system is measured by the correlation between global and local 
variables, most commonly between global integration and local connectivity. The 
value can be used to quickly compare between different environments. In other words, 
it means that in a layout of high intelligibility, information about local connectivity 
allows a person moving through the system to comprehend the overall structure of the 
configuration (Hillier et al., 1987). 
 
 Justified maps and mean depths 
Integration value of any space is derived from consideration of its depth from all 
points within the configurational system. For this research purpose, the entry points of 
the settings were considered important. 
 
The analysis tool used is called ‘justified map’ or the ‘justified permeability 
map’(Hillier & Hanson, 1984). Here, the entry space is put at the base of a graph. 
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Then all spaces that are directly accessible from it i.e. of depth 1 are arranged 
horizontally above it, all spaces of depth 2 arranged horizontally above the first. All 
the connecting lines are then drawn in to show their relationships to each another. By 
definition, lines can only connect within a layer or one layer adjacent to it. In figure 
4.3 the ‘justified permeability maps’ of corresponding layouts from their entrances are 
shown. These give a visual representation of ‘depth’ from a space, i.e. how shallow or 
deep it is in connection to the other spaces in the system. 
 
Depth can also be mathematically expressed. This is denoted by mean depth and is 
calculated by “assigning a depth value to each space according to how many spaces it 
is away from the original space, summing those values and dividing by the number of 
spaces in the system less one (the original space)” (Hillier & Hanson, 1984).  
 
 Previous use of Syntax in wayfinding and cognition research 
A rigorous attempt to examine the relationship between objective measures of the 
components of physical environment determined by syntax analysis and observational 
measures of wayfinding performance was undertaken by Peponis, Zimring, and Chio 
(Peponis et al., 1990). This study is of importance for two reasons. First, in the 
cognitive realm, the authors presented a theoretical distinction and a relationship 
between specific wayfinding tasks and an overall understanding of the environment 
that was termed as ‘general intelligibility’. Second, in the aspect of methodology, they 
introduced the methods of quantifying the properties of physical environment. 
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 The authors started with the hypothesis that “navigation through any complex 
architectural environment can not depend wholly upon direct visual perception…but 
requires a more abstract understanding of the way in which local parts are interrelated 
into a whole pattern” (Peponis et al., 1990, pp. 559). To deal with this issue, they took 
configuration as one measure of the physical environment. Therefore they dealt with 
the topological relationships of the spaces. The authors considered paths and nodes as 
the spatial units. Paths were the axial lines as defined by Space Syntax and nodes 
were the decision points in a path and were operated as the intersections of two axial 
lines. 
 
Wayfinding behavior was quantified by tracking 15 students doing two tasks: 
exploring the experimental setting that was a hospital building and doing specific 
wayfinding tasks within it. These tasks were quantified by ‘search patterns’ and 
‘route’. Open exploration behavior was measured by the number of ‘visits’ that each 
unit of space received by the research subjects. Directed search was measured by 
‘Redundant Node Use’. This was use of those nodes that was not necessary i.e. not in 
the shortest route between the origin and destination. The authors found that the use 
of a space was highly correlated to its integration value. In open exploration, 
correlation of line use and integration value from the public corridor system was 0.76 
and it as 0.62 when integration value was considered from all the rooms in the floor.  
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This study concluded that some users were “biased towards some spaces more than 
towards others, in proportion to their degree of integration and when in doubt, go to 
an integrated space” (Peponis et al., 1990, pp. 570). This led the authors to suggest 
that an abstract set of global relationships within the environment may influence the 
cognitive terms of reference of the wayfinders. 
 
Later, a similar procedure was taken up by Haq (Haq & Zimring, 2003) in his study of 
wayfinding in a large urban hospital. He also found a good relationship between 
wayfinding use of axial lines and nodes and their syntax integration values. 
 
The use of Space Syntax in these studies allowed the authors to objectively quantify 
each unit of the environment. Their findings of significant correlations between 
objective properties of the environment and wayfinding behavior suggest that physical 





 Appendix B:  Data analysis 
 
 
















Figure B-1 correlation (R squared value, P<.001) of integration values of axial lines with their 













Figure B-2 correlation (R squared value, P<.001) of integration values of axial lines with their 
frequency of use in open search in Nanjing Hospital 













Figure B-3 correlation (R squared value, P<.001) of integration values of axial lines with their 
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Figure B-4 correlation (R squared value, P<.001) of integration values of decision nodes with 

















Figure B-5 correlation (R squared value, P<.001) of integration values of decision nodes with 



















Figure B-6 correlation (R squared value, P<.001) of integration values of decision nodes with 














Figure B-7 correlation (R squared value, P<.001) of openness values of decision nodes with 

















Figure B-8 correlation (R squared value, P<.001) of openness values of decision nodes with 
their frequency of use in open search in Nanjing Hospital. 
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Figure B-9 correlation (R squared value, P<.001) of openness values of decision nodes with 















Figure B-10 correlation (R squared value, P<.05) of integration values of decision node with 
















Figure B-11 correlation (R squared value, P<.01) of integration values of decision node with 


















Figure B-12 correlation (R squared value, P<.05) of integration values of decision node with 
their frequency of redundant use in directed search in 81 Hospital. 
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